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Preface 


“C 

OTUDIES in Arc Welding” assumes a place of special importance in the 
literature of science, education and industry. The volume’s contents reflect 
the intensive application of the welding process during an era of world history 
in which the United States took up the tremendous task of arming itself and 
Its allies for war The book is the work, not of one person but of 113 making 
exhaustive studies in their own fields- in which they have had long expenence. 
The findings of these authors, who are executives, engmeers, designers and 
officials of production, construction and maintenance, while representmg vital 
contributions to war production, will provide the soundest possible basis for 
economic stabilization during the postwar period 

The 98 award papers, which comprise “Studies in Arc Welding,” were 
selected as outstanding in the 194042 Progress Program. In order to make 
the selection, the entire group of 408 papers which received awards in the 
Program were considered in the light of originality, value of information and 
thoroughness in treatment of subject matter. The omission of any paper is not 
to be taken, in any sense of the word, as a reflection or criticism of the paper. 
This follows since in terms of interest and value all of the papers possess 
unquestioned merit. In the final selection, consideration had to be given to 
the number of papers which could be included to provide a volume of greatest 
value without becoming of a size impractical for easy reference. 

Virtually all of the papers are reproduced in complete form, as regards 
both text and illustrations. A few papers which, in their onginal form, were 
too lengthy for complete reproduction, are included as comprehensive briefs 
without loss of pertinent text matter or illustrations. At the beginning of each 
paper is a bncf summary of the subject matter prepared by the Jury of Award. 

All papers contained herein were submitted to and approved by the 
United States Office of Censorship before publication. This was done to 
abide, in spirit and form, with the wishes of the federal government regarding 
suchmattere, 

“Studies in Arc Welding” should provide a most valuable aid in further- 
ing scientific and Industrial progress and m extending the mdustrial, commer- 
cial, economic, and social benefits which are inherent in the welding process. 

In publishing “Studies in Arc Welding," the James F. Lincoln Arc Weld- 
ing Foundation, knowing the tremendous value to industry of the information 
contsuned in liiis book, herewith expresses its appreciation to all those who 
participated in the Progress Program. Without the earnestness, thoroughness 
and exactness with which the larticipants carried out their studies, this voi- 
wcffidd not have been possible. 

A. E Davb and Ed C. Powebs, Editors. 
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Robert E, Jr., Vice-President in charge of Etwineerlng. Heilman Boiler 
Works, AHentown, Pa Award: $100. Title of paper: "The Drumleis Boiler.” See 
Section VIII, page 693. 


Muller, John F., Sales Engineer, The American Pulley Company* Philidtlphia. Fi.* 
co-author with Gonzalo C. Munoz Joint award: $1,300. Title of pmmrt "Arc 
Welded Suspension for Air Conditioning System.” See Section III, page 261 . 


Munoz, Gonzalo C, Secretary-Treasurer, The American 
delphia. Pa Co-author with John F. MuEcr, see above. 


Pulley Company, Fhlla* 


Nieberhofp. A. R, Senior Engineer of Design, U. S. Army Bnginetri, Forlknd Oit* 
$700. Title of paper; "Thoughtful Welding of Marine Firts.” S«« SeC' 
tion IX, page 913. 



ALPHABETICAL LIST OP AUTHORS •( Continued) 


Northrop, John K , President, Nortlirop Aircraft, Inc , Hawthorne, Calif , co-author 
with Vladimir H. Pavlecka Joint award* $3,700 Title of paper. ‘Arc Welding of 
Magnesium Aircraft Structures '' See Section II, page 132. 

Ogden, John O , General Manager and Director, Welded Products, Pty, Ltd , Sydney, 
Australia. Co-author with E J Eldridge, see above. 

Pavlecka, Vladimir H , Chief of Research, Northrop Aircraft, Inc , Hawthorne, Calif 
Co-author with John K Northrop, see above. 

Peterson, H. B, American Can Company, San Francisco, Calif Award $500 TMc 
of paper: “Arc Welding in Automatic Can-Testing Machine" See Section IX, 
page 1203 

Priest, H. Malcolm, Engineer, U. S Steel Gorp , Subsidiaries, Pittsburgh, Pa Award ; 
$2,700 Title of paper. “Welded Design of 250''Ton Flat Car" See Section III, 
page 228 

Reiss, Ernest, General Manager and Partner, The Art Chrome Company of America, 
Boston, Mass Award: $3,700 Title of paper* “Arc Welding of Plated Tubular 
Furniture." See Section VI, page 507 

Renn, Alan C , Assistant Foreman in Charge of Arc Welding, Vultee Aircraft, Inc,* 
Vultce Field Division, Vultee Field, Calif Award* $100 Title of paper: “Arc 
Welded Tubular Fuselage" See Section II, page 178. 

Riordan, John M , Chief Engineer, Bonnar-Vawter Fanform Co , Cleveland, Ohio. 
Award: $500, Title of paper: "Collating Machine of Improved Design." See Section 
IX, page 1244. 

Roger, John P., Plant Engineer, The Babcock a^d Wilcox Co., Barberton, Ohio. 
Award: $150. Title of paper: “Welding a Locomotive Boiler" Sec Section III, 
page 214. 

Rogers, George B., General Contractor, Lakewood, Ohio Co-author with Lawrence 
C Blaacy; see above 

Rossmann, Peter F , Chief of Miscellaneous Developments Research, Research Labora- 
tory, Curtiss- Wright Corporation, Airplane Division, Buffalo, N Y* Joint award: 
$1,500. Title of paper; "Welding Aircraft Engine Mounts Economically." Sec Sec- 
tion 11, page 111 

Rutten, Walter, Partner and Factory Superintendent, Railoc Company, Plainfield, 111. 
Award: $250. Title of paper. “Production Machine for Domed Silo Roofs" See 
Section iX page 764. 

Salk, Clifeord A., Carman, Great Northern Railway, St. Cloud Shops, St. Cloud, 
Minn, co-author with Ray F, Theiscn. Joint award: $250. Title or paper: “Arc 
Welded Conversion of Tenders Into Tank Cars." See Section III, page 247. 

Saxe, Van Rensselaer P.* Consulting Engineer, Baltimore, Md. Award: $700. Title 
of paper: “Welded Airplane Hangar." See Section V, page 343. 

SOHBYER, Emanuel, Assistant Deigning Engineer, Designs Division, Board of Trans- 
portation, New York, N. Y. Award: $1,500. Title of paper: “Welded Steel Bents 
for Subways " See Section V, page 470. 

Shifilton, W. Production Manager, R. D. Cole Manufacturing Co , Newnan, Ga. 
Award: $500. Title of paper: “Welded lining of Horizontal Processing Tanks." 
See Section IX, page 1225. 

Shim KIN, B. M., Master Sdetice Qvil Engineer, and Civil Engineer and Associate 
Bridge Designer Engineer. Bridge Department of State of California, Sacramento, 
CaliC Award: $250. Title of paper; ^Trusses for Swing Bridge." See Section V, 
page 414, 

SlMJWON, Howard W., Chief Engineer, Detroit Harvester Co.* Detroit, Mich. Award: 
$7W. Title of paper; “Arc Welding in the Manufacture of Mowers." See Section 
IX page 1145, 

8LA0Ht» W, W., Chief En®ineefj Qeveland Sted Product* Ck>rp., Cleveland. Ohio. 

’ Avwa.; $250, Title of paper; Universal Joint Drive Shafts," See Section I, page 

^ 24. 



ALPHABETICAL LIST OF AVTHOPS (Continued) 


5lygh, Edward J , Campbell''Lowrie‘'Lauternulcli Gorp , Cbicago, III Award: $700, 
Title of paper: ‘‘T^Beams for Residences” See Section V. page 426. 

Smith, S Arnold, Chief Engineer, The Whitlock Manufacturing Co , Hartford, Conn. 
Award: $1,300 Title of paper: “Design and Production of Heat Exchangers. See 
Section VIII, page 678. 

Spencer, Eldridge T, Architect, San Franasco, Calif. Award. $1,500. Title of 
paper; “Pipe'-Frame Office Chair” See Section VI, page 538 

Squires, Howard, Manufacturing Engineer, Bucyrus-'Erie Company, South Milwaukee, 
Wis. Co-author with George W. Mork, see above. 

Stanley, Richard W., Design Engineer, American Viscose Corp , Marcus^ Hook, Pa. 
Award; $700 Title of paper: “Redesign of Rayon Processing Machine, bee Sec- 
tion IX, page 1211. 

Stone, Herbert, Assistant Works Manager, Markham and Go , Ltd , Chesterfield, 
England. Award $1,500. Title of paper- “Large Water Turbine Installations.” See 
Section IX, page 783. 

Storatz, G J„ Assistant Chief Engineer, The Heil Co, Milwaukee, Wis Award: 
$3,700 Title of paper: “High-Speed Dirt Movers.” See Section I, page 70. 

Streithoff, C Perry, Structural Division Engineer, Engineering Works Division, 
Dravo Corporation, Pittsburgh, Pa, Award: $1,700. Title of paper: “Welded Re- 
volving Cranes” See Section IX, page 815. 

Theisen, Ray F., Welder, Great Northern Railway, St. Cloud Shops, St, Cloud, Minn. 
Co-author with Chfford A, Salk, see above. 

Townsend, L, W , Vice-President,^ Composite Steels, Inc , Washington, Pa. Co-author 
with T. S. Fitch, see above. 

Trexel, Captain C. A , Director of Planning and Design, Bureau of Yards and Docks, 
Navy Department, Washington, D G. Co-author with A. Aminkian; see above. 

Unger, A. M , Plant Engineer, Pullman-Standard Car Manufacturing Co., Chicago, 
111 Co-author with J E. Candhn, see above. 

I 

Versaw, F. F , Shop Superintendent, Gulf Research and Development Company, Pitts- 
burgh, Pa Co-author with E W. Jacobson, see above. 

Wagner, D F, Chief Engineer, Wentworth 6? Irwin, Inc., Portland, Ore. Award: 
$1,500 Title of paper- “Arc Welding in Bus Construction.” Sec Section I, page 27. 

Weaver, Elverton W , Consulting Design Engineer, Towmotor Co,, Cleveland, Ohio. 
Award: $2,700 Title of paper “Small-TrucK: for Loading Freight Oars,” See Sec- 
tion I, page 45 

Weidner, Victor Paul, Engineer, Western Union Telegraph Company, New York* 
N. Y. Award: $250. Title of paper: “Welded Display Holder for Printed Matter* 
See Section VI, page 543. 

Whittaker, Lloyd A., Chief Engineer, Thomson National Press Co., Franklin, Maas. 
Award: $700. Title of paper: “Arc Welding in Press Machinery.” Set Section IX* 
page 1232. 

Willis, John F , Engineer of Bridge Design, Connecticut State Highway Deptitmimt* 
Hartford, Conn Award; $1,300. Title of paper; “Welded Grade Separation Struc- 
ture.” See Section V, page 376. 

Willoughby, S. B , Arc Welder, United Airlines Transport Gorporatiott, CheyenM* 
Wyo. Go-author with H. A. lebert; see above. 

Woodard, Joseph H., Co-owner and Plant Manager, Lee L, Woodard Sons, Ovwwkx 
Mch. Award: $1,300. Title of paper; “Wrought Iron Furniture Manufacturiiii* 
See Section VI, page 518. * 

Wolfe, George F.. Chief Plant Engineer, Engineering Works Division, Dravo CW- 
poration, Neville Island, Pittsburgh, Pa. Award $2500. Title of paper? ^Strailhl! 
line Mass Production Methods Speed the Defense Program,” See Section VII page 
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The James F. Lincoln 
Arc Welding Foundation 


rTn 

i HE James F Lincoln Arc Welding Foundation has been widely acknowl- 
edged as an important aid to industry through its contributions to industrial, 
economic and social progress 

Through its Award Programs, the Foundation has stimulated and is 
stimulating widespread interest in the possibilities of the electnc arc welding 
process as applied to industnal manufacture, fabrication, construction and 
maintenance work. 

Valuable information contained in the award papers has been widely 
disseminated to stimulate and intensify the use of the electnc arc process. 
Dissemination of this important information is accomplished through publica- 
tion of abstracts of papers in literally hundreds of magazines; publication of 
the most outstanding papers in complete form in magazines; and publication 
of the books, “Arc Welding in Design, Manufacture and Construction,” 
containmg 109 of the outstanding papers from the 1937-38 Award Program 
and the present volume “Studies in Arc Welding,” containing 98 of the most 
significant award studies in the 1940-42 program. 

The Foundation’s first award program was inaugurated early in 1937 and 
terminated with payment of $200,000 in September, 1938. A total of 382 
awards were made ranging from $101.75 to $13,941.33. 

The second study program, the $200,000 Industrial Progress Award 
Program, was sponsored during the period from January 1940 to June 1942. 
It terminated in October 1942 with the payment of $200,000 in 408 awards 
which range from $50 to $13,700. 

By its study programs, the Foundation has called widespread attention 
to the many inherent advantages of arc welding and has stimulated the use 
of this process with pronounced benefits. For example, in the 1940-42 pro- 
gram It was shown that a possible annual saving of $1,825,000,000, including 
7,000,000 tons of steel and 153,000,000 man hours of labor, was available by 
utilization of this modem process. 

The Foundation more recently sponsored a $6,750 Engineering Under- 
graduate Award and Scholarship Program to stimulate study of the arc 
wdding process by engineering students. This program was announced 
December 1st, 1942 and closed April Ist, 1943. 



THE JAMES F. LINCOLN ARC WELDING FOUNDATION 


Why the Foundation Was Created 

Regarding the creation of The James F Lincoln Arc Welding Foundation 
in 1936, Mr. J C Lincoln, chairman of the board of directors of The Lincoln 
Electric Co , the founder, made the following statement which is quoted 
from the original deed of trust 

'"Since the dawn of recorded time, man has struggled constantly to im- 
prove his conditions Coping with many obstacles, he has developed great 
skill and ingenuity Applied through the years, these talents have rewarded 
man with luxuries of which his ancestors never dreamed the telephone, the 
radio, the automobile, the airplane, the railroad, the steamship, the skyscraper, 
the gigantic bndge — ^these modern wonders and many others are the products 
of man’s skill and ingenuity. 

"Recent years have seen the origin and development of an ingenious 
process which has great economic, social and commercial significance to man-' 
kind That process is arc welding. 

“It IS, therefore, our belief that by encouragmg and stimulatirtg scientific 
interest in and study of arc welding, still greater benefits will result from 
man’s skill and ingenuity. To this end. The Lincoln Electric Co. announces 
that It has created, in honor of its president, 'The James F. Lincoln Arc 
Welding Foundation 

The Lincoln Electric Company 
J. C. Lincoln, 

Chdtrman of the Board of Directors 


Object and Purpose of the Foundation 

“The object and purpose of The James F. Lincoln Arc Welding Founda-' 
tion IS to encourage and stimulate scientific interest in, and scientific study, 
research and education m respect of, the development of the arc welding 
industry through advance m the knowledge of design and practical application 
of the arc welding process, and to provide for the payment of awards, by 
prizes, to those persons who by reason of the excellence of their papers upon 
said subject may be selected in the manner herein provided as most worthy 
to receive such awards 


Trustees and Officers 


Trustees 

E E. Dreese, Chairman , Columbus, OWo 

W. B. Stewart and H R. Harris Cleveland, OMo 

Secretary 

A. F. Davis Cleveland, OWb 

Assistant Secretary 
Ed C. Powers 
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The $200,000 Industrial Progress 
Award Program 

The 194042 Progress Program was the second activity of The James F. 
Lincoln Arc Welding Foundation to encourage scientific progress of arc 
welding It offered 45'8 awards 

The following information regardmg awards is quoted from the Rules 
and Conditions governing participation in the Program- 

“The 458 awards are grouped as follows: 

“184 Divisional Awards — 1st, 2nd, 3rd and 4th awards of $700, $500, 
$250 and $1 50 respectively, in each of 46 Divisions 

“48 Classificational Awards: — 1st, 2nd, 3rd and 4th awards of $3,000, 
$2,000, $1,000 and $800 respectively, in each of 12 Classifications. 

“3 Mam Program Awards. — 1st, 2nd and 3rd awards of $10,000, $7,500 
and $5,000 respectively. 

“223 Additional Awards for Honorable Mention — ^Awards of $100 each 
for 223 papers which do not share in any other award but which, m the 
opinion of the Jury of Award, deserve Honorable Mention. These 223 
awards may be made for papers in any of the Divisions 

“The 184 Divisional Awards will be determined first Then, from the 
papers receivmg the 1st, 2nd, 3rd and 4th Divisional Awards in each Division 
of a particular Classification, papers will be selected to receive the 1st, 2nd, 
3rd and 4th Classification Awards of the particular Classification, repeating 
the process for each Classification. From the Classificational award papers, 
papers will be selected to receive the Ist, 2nd and 3rd Mam Program Awards. 
After the Divisional, Classificational and Main Program Awards have been 
determined, papers will be selected to receive the Honorable Mention Awards. 

“For the paper selected as the best of all papers submitted, a Ist Grand 
Award of $13,700 will be made, composed of $700 as 1st Divisional Award, 
$3,000 as a Ist Classificational Award and $10,000 as Ist Mam Program 
Award. 


Subject Matter of Papers in the $ 200,000 Industrial 
Progress Award Program 

The following definitions of subject matter for papers in the Progress 
Program are quoted from the Rules and Conditions of the Foundation gov- 
erning participation: 

“Papers are to be on the subject, progm$ made hy application of arc 
mlding between January 1st, 1940, and June 1st, 1942. The paper shall cover 
prOjpeess on but one of the following points: 
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INDUSTRIAL PROGRESS AWARD PROGRAM 


'“‘‘(a) Redesign and manufacture or construction of an existing macliine, 
structure, building, manufactured or fabricated product of ferrous or non- 
ferrous metals, within the limits of the rules hereinafter prescribed, which 
was previously made in some other way and redesigned so that arc welding 
may be applied, in whole or in part, to its manufacture, fabrication or 
construction 

(b) New design and manufacture or construction of a machine, structure, 
building, manufactured or fabricated product of ferrous or nonferrous metals, 
within the limits of the rules hereinafter prescribed, which was not previously 
made but which has been designed m whole or in for the use of arc 
welding, the description to show how a useful result, which was impractical 
with other methods of construction, or could be better done by arc welding, 
is accomplished. 

“(c) Organi2;mg, developing and conducting a welding service. The 
welding service to be described m the papers may be conducted by Commer- 
cial Welders or Job Shops (G-1), Garages or Service Stations (G-2), Com- 
mercial Weldenes (I-l), or Plant Weldenes (P^). 

“(d) Developing, plannmg and performing maintenance or repair work 
with arc welding The maintenance or repair work to be described in the 
papers may be Plant and Construction machinery and mechanical equipment 
of all kinds, also mobile equipment such as fleets of trucks, buses and taxicabs 
(LT) ; or Structures and other structural applications of arc welding in main- 
tenance (L-2), such as pipe lines, railroad tracks, bndge strengthening, and 
other such work, not covered under L-L 

“Note that the machine, structure, building, manufactured or fabricated 
product under (a) or (b) may be designed either in whole or in part for the 
use of arc welding. 

'•To qualify as to subject matter, the welding service as in (c) and the 
maintenance work as in (d), within the period January 1, 1940, to June 1, 
1942, must have been either* 

(1), planned and put into practice within the period; 
or (2), put into practice within the period as result of plans made 
pnor to the period. 

Papers of otherwise equal merit will be preferentially rated in the above order. 


Requirements As to Submission of Papers 

“1. Paper shall be submitted in two copies, one signed, the other unsigned. 
"2. Each copy shall be enclosed in a separate sealed envelope. 

“3 The Signed Copy: — ^The signed copy shall have the following infor- 
mation written on the cover or title page and on the outside of the an- 
velope in which it is enclosed: 

Name, address and signature of the author, or authors. 

Name and address of company with which author is connected. 
Relationship between the author, or authors, and the company or concern 
Classification of the paper, as for example A-f, 0-4, J-^ K-7, L-2, etc., 
depending upon the nature of the subject matter.. 

Name of individual or individuals to whom award check fi m be made 
payable, and address of individual to whom it is to be mailed, if award ii 
made for the paper. 
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INDUSTmAL PROGRESS AWARD PROGRAM 


A statement that data on the three Factors of Judgment are given in the 
paper. 

A statement that cost data are given 

A statement that the work treated in the paper was carried on within 
the period — ^January 1st, 1940 to June 1st, 1942. 

If paper may not be published, a statement to that effect. 

If product, structure, or work used as subject is patented, a statement to 
that effect giving the full name and address of the person, or persons, 
from whom information regarding the patent is to be obtained. 

‘'4. The Unsigned Copy — ^The unsigned copy shall have the following 
information written on the cover sheet and on the outside of the envelope 
in which it is enclosed* 

Classification of the paper, as AT, C''4, J-6, etc 

Note: On this unsigned copy of the paper and envelope no name or 
data other than classification are to be given. 

‘‘5. The two separate sealed envelopes, one containing the signed and the 
other the unsigned copy of the paper, are to be placed together in a large 
envelope, postage prepaid, and addressed* 'Secretary, The James F. 
Lincoln Arc Welding Foundation, P. O Box 5728, Cleveland, Ohio,’ 
and mailed, postmarked not later than midnight June 1st, 1942, and 
received in Cleveland not later than midnight July 1st, 1942. 

Upon receipt thereof in Cleveland, the sender will be notified by mail. 

"^Confidential Handling of Papers — ^When received by the Secretary, the 
envelope in which both copies of the paper are enclosed will be opened and 
immediately the same identifying number will be given to the envelope con" 
tammg the signed paper and the envelope containing the unsigned paper. 
The envelope containing the signed paper will be retained by the Secretary 
unopened and confidential. The envelope containing the unsigned paper, widi 
the number identifying the author, and the classification and division for 
which the paper is entered, will be delivered, unopened, to the Jury of Award, 
with other contesting papers, at the close of the Program. 

''The object will be to keep each paper confidential, without disclosure, 
until the Jury of Award considers the identified but unsigned paper. When 
the award papers are selected by the Jury of Award, proper certificate thereof 
wall be made to the Foundation and then each award paper will be identified 
with its original paper on file with the Secretary.” 

Only papers contained in envelopes postmarked not later than June 1, 
1942, and received in Cleveland not later than July 1, 1942, were accepted. 

By letter of July 28, 1942, the Jury of Award of The James F. Lincoln 
Arc Welding Foundation certified to the Secretary its decisions concerning 
papers submitted in the Progress Program. The certification of papers, (See 
page xxv) , was by number m accordance with the Rules of Award. 

Upon receipt of the Jury’s report, the Secretary and Assistant Secretary 
of the Foundation, Identified the authors of the award-winning papers by 
reference to the various records. 
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Industrial Classifications and Subject Divisions 
of the $200,000 Progress Program 


The Progress Program was divided into 12 industnal classifications cov- 
enng 46 subject divisions as given below 


Industnal 

Classification 


A 

AUTOMOTIVE 


B 

AIRCRAFT 


G 

RAILROAD 


D 

WATERCRAFT 


E 

STRUCTURAL 


F 

FURNITURE and 
FIXTURES 


G 

COMMERCIAL 

WELDING 


H 

CONTAINERS 


I 

WELDERIES 


Subject 

Divisions 

AT Engines 
A'2 Bodies 
AT Frames 
A4* Trailers 


B'l Engines 
BT Fuselages 


CT Locomotives 
CT Freight Cars 
CT Passenger Cars 
C4 Locomotive and 
Car Parts 


DT Gommeraal and 
Naval 

DT Pleasure 


ET Buildings and 
Similar Struct 
tures 

E-2 Bridges 
ET Houses 
E4 Miscellaneous 


FT House 
FT Office 


GT Commercial 
Welders or Job 
Shops 

G'2 Garages or 
Service 


HT Contents Sta^ 
tionary (tanks* 
etc,) 

H^2 Contents Mov" 
ing (pipe lines, 
etc.) 


IT Commercial 
Wclderies 

IT Plant Wclderies 


Industrial 

Classification 


FUNCTIC^NAL 

MACHINERY 


K 

INDUSTRY 

MACHINERY 


L 

MAINTENANCE 


Subject 

Divisions 

J- 1 Metal Cutting 
J- 2 Metal Forming 
J- 3 Electrical 
T 4 Prime Movers 
5 Conveying 
J' 6 Pumps and 
Compressors 
J- 7 Business 
8 Functional 
Machinery not 
otherwise classi" 
fied 

J" 9 Jigs and Fixtures 
JTO Parts of Func^ 
tional Machine 
ery 

1 Processing 
K** 2 Construction 
K' 3 Petroleum 
4 Steel Making 
K" 5 Farming 
K- 6 Household 
K' 7 FoodMab'ng 
K' 8 Textile and 
Clothing 
K-* 9 Printing 
KTO Industry 
chinery not 
othervrise 
classified 

LT Plant and Con- 
struction ma- 
chinery and me- 
chanictl e^^uin- 
merit of til 
klnds^ alio mo- 
bile equipment 
such m iecta of 
tru^ bu^ mi 

LT Structural and 
other appllca^ 
teioni of arc 
ing in malnte* 
nance such ai 
pip hnea, rail- 
tmi iraekit 

enfof* 
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Certification of Papers for Award 

The following is a copy of the Jury of Award’s certification announcing 
the numbers of the papers selected to receive awards in the $200,000 InduS' 
trial Progress Award Program: 

First Grand Award — Paper No 515 — 

“Welded Caissons for Naval Dry Docks”; 

Second Grand Award — ^Paper No. 223 — 

“Redesigned 40 MM. Anti' Aircraft Gun Carriage”; 

Third Grand Award — Paper No 100 — 

“Arc Welding Builds Higher Effiaency Mercury Arc Rectifiers”. 


Of the Class A Awards, the following awards are made: 



1st 


2nd 

3rd 

4th 


648 


427 

415 

700 

Of the A 

sub-'class Awards, the following awards 

are made: 



1st 


2nd 

3rd 

4th 

A'l 

652 


334 

420 

46 

A'2 

700 


706 

440 

180 

A'3 

427 


415 

526 

304 

A'4 

648 


218 

293 

272 

and Honorable Mention Awards as 

follows: 



A'l 

116 





A'2 

102 

378 

245 

496 

448 

A'3 

566 

372 




A'4 

705 

474 

593 



Of the Class B Awards, the following awards are made: 



Ist 


2nd 

3rd 

4th 


708 


730 

558 

469 

Of the B 

sub'class Awards, the following awards 

are made: 



Ist 


2nd 

3rd 

4th 

B'l 

’ 469 


424 

653 

247 

B'2 

708 


730 

558 

513 


and Honorable Mention to the following: 
B'l None 

B'2 518 


Of the Class C Awards, the foltewing awards are made: 



Ist 

2nd 

3rd 

4th 


153 

173 

570 

550 

Of the C sub'class Awards, the following 

awards are made: 



1st 

2nd 

3rd 

4th 

C'l 

570 

37 

332 

82 


173 

225 

92 

30 

C'3 

153 

550 

260 

638 

C'4 

226 

335 

294 

312 
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CERTIFICATION OF PAPERS FOR AWARD 


and Honorable Mention to the following: 

C-1 120 

C-2 None 

C'3 None 

C'4 None 

Of the Class D Awards, the foEowing awards are made: 

1st 2nd 3rd 

305 508 147 

Of the D sub'class Awards, the following awards are made: 


1st 2nd 

D-1 305 508 

D'2 240 67 

and Honorable Mention to the following: 


3rd 

147 

417 


D'l 47 703 

D'2 None 
Of the Class E Awards, 
1st 
515 


529 


86 


719 


117 


the following awards are made: 

2nd 3rd 

698 155 

Of the E sub'class Awards, the following awards are made 
1st 2nd 3rd 


and Honorable Mention to the following; 

F'l 114 359 

F'2 682 618 435 

Of the Class G Awards, the following awards arc made: 

1st 2nd 3rd 

13 727 554 

Of the G sub'class Awards, the following awards are made: 

1st 2rKl 3rd 

G'l 13 554 316 

G'2 727 113 576 

and Honorable Mention to the following: 

G'l 556 617 451 

G'2 125 


4th 

240 

4th 

540 

60 

726 


4th 

555 

4th 


E'l 

549 

452 

33 

709 

E'2 

698 

555 

48 

521 

E'3 

580 

739 

431 

437 

E'4 

515 

155 

193 

204 

and Honorable Mention to the following: 



E'l 

27 464 479 




E'2 

510 694 14 

136 



E'3 

186 




E'4 

517 443 71 

418 

651 275 

409 


645 128 202 

207 

277 87 

553 


243 361 492 

536 



Of the 

Class F Awards, the following awards are 

made: 



1st 

2nd 

3rd 

4th 


235 

257 

716 

276 

Of the 

F sub-class Awards, the following awards 

are made: 



1st 

2nd 

3rd 'I 

4th 

F'l 

235 

276 

595 

535 

F'2 

257 

716 

478 

707 


4th 

316 

4th 

127 

216 

314 
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CERTIFICATION OF PAPERS FOR AWARD 


Of the Class H Awards, the following awards are made: 

1st 2nd 3rd 4th 

281 107 123 574 


Of the H sub'class Awards, the following awards are made: 




1st 

2nd 

3rd 

4th 

H'l 


281 

574 

533 

699 

H'2 


107 

123 

701 

560 

and Honorable 

Mention 

to the following. 



H'l 

208 

481 

406 362 

350 244 

704 


363 

72 

611 365 



H'2 

191 

69 

678 484 

88 


Of the 

Class I 

Awards, 

the following awards are 

made: 




1st 

2nd 

3rd 

4th 



676 

156 

25 

22 

Of the 

I sub'' class Awards, the following awards 

are made: 




1st 

2nd 

3rd 

4th 

M 


301 

596 

8 

317 

I'2 


676 

156 

25 

22 


and Honorable Mention to the following: 


M 

76 





I'2 

519 

264 


296 


Of the Class J Awards, the following awards are made: 



1st 

2nd 


3rd 

4th 


100 

457 


175 

206 

Of the J sub-class Awards, fhe following awards 

are made: 



1st 

2nd 


3rd 

4th 

j'l 

729 

59 


399 

63 

J'2 

297 

433 


157 

434 

J'3 

100 

457 


366 

545 

J'4 

206 

20 


326 

646 

J'5 

175 

170 


329 

353 

J'6 

84 

280 


58 

547 

J'7 

654 

239 


325 

Vacate 

J'8 

462 

83 


410 

614 

J'9 

45 

439 


221 

634 

>10 

471 

591 


196 

367 

and Honorable 

Mention to the following: 




M 

346 

56 

476 

441 

299 


338 

198 

583 



J'2 

530 

4 

118 

713 

302 


590 

604 

470 



I'3 

599 

95 

15 



J'4 

None 





J'5 

697 

110 

603 

548 

211 


507 

49 

612 

425 

39 


141 





>6 

29 

139 

702 




None 
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Honorable Mention /'Continued) 

262 



70 

J'8 


494 

35 

ouu 


666 

261 

143 


172 

400 

J'9 


622 

449 

624 

633 

126 


565 

205 

660 


356 

137 



79 





621 

J'lO 


308 

736 

491 

212 


5 

466 

423 


91 

482 

Of tbe Class K 

Awards, the following awards are made 





1st 


2nd 

3rd 


4th 



223 


185 

539 


532 

Of the K sub'class Awards, the following awards 

are made: 

4th 



1st 


2nd 

3rd 


K'l 


539 


373 

405 


569 

K'2 


532 


187 

259 


99 

K'3 


561 


426 

23 


527 

K'4 


185 


347 

105 


459 

K'5 


154 


413 

50 


66 

K'6 


551 


650 

159 


64 

K'7 


288 


150 

723 


516 

K'8 


543 


655 

16 


220 

K'9 


564 


282 

562 


514 

K40 


223 


217 

454 


291 

and Honorable 

Mention to 

the following* 




K-l 

189 

307 

511 

98 

528 

525 

538 


149 

200 

336 

659 

248 

331 

103 

K'2 

93 

266 

340 





K'3 

321 

677 






K'4 

10 

279 

442 





K'5 

487 

559 

572 

523 

327 



K'6 

395 







K'7 

65 

695 






K'8 

None 







K'9 

375 







K'lO 

287 

402 

573 

44 

379 

541 

349 

Of the Class L Awards, the following awards are 

made: 





1st 


2nd 

3rd 


4th 



531 


419 

649 


267 

Of the L sub-'class Awards, 

the following awards are made 





1st 


2nd 

3rd 


4th 

L'l 


419 


267 

658 


534 

L'2 


531 


649 

416 


112 

and Honorable Mention to 

the following: 




L'l 

94 

122 

689 

542 

473 

615 

34 


354 

687 

68 

460 

453 

342 

53 


616 

341 

563 

495 

351 

656 

661 


711 

552 

219 

12 

444 

450 

1 


7 

230 

465 

179 

688 

151 


L'2 

414 

571 

333 

36 

480 

214 

62 


360 

237 

285 

134 

370 

269 



Jury of Award 

Chairman 

Dreese, E. E , Head of Department of Electrical Engineering, 
The Ohio State University 

Jurors 


Ahlquist, R. W., Assistant Profes- 
sor of Electrical Engineering, Iowa 
State College 

Andersen, Paul, Associate Profes- 
sor of Structural Engineering, 
University of Minnesota 

Butts, Allison, Professor of Elec- 
tro-metallurgy, Lehigh University 

Dowdell, R. L , Professor of Metal- 
lography, University of Minnesota 

Dukes, R. G., Professor Ementus of 
Applied Mechanics, Purdue Uni- 
versity 

Dwight, H. B. Professor of Electrical 
Machinery, Massachusetts Insti- 
tute of Technology 

Holtby, Fulton, Assistant Profes- 
sor, Mechanical Engineering De- 
partment, University of Minnesota 

Hughes, T, P., Assistant Professor of 
Mechanical Engineering and As- 
sistant Superintendent of Shops in 


Mechanical Engineering, Univer- 
sity of Minnesota 

Koepke, C. a. Professor of Indus- 
trial Engineering, University of 
Minnesota 

Macconochie, Arthur F , Professor 
of Mechanical Engineering, Uni- 
versity of Virginia 

Morris, Clyde T., Professor of Civil 
Engineering, C3hio State Univer- 
sity 

Muckenhirn, 0 W., Instructor in 
Electneal Engineering, University 
of Minnesota 

Taylor, Jacob B, Professor and 
Head of Accounting, Ohio State 
University 

Van Hagan, L. F., Professor, Chair- 
man of the Department of Civil 
Engmeering, University of Wis- 
consin 

Wright, Chilton A., Professor of 
Hydraulic and Sanitary Engineer- 
ing, Polytechnic Institute 


In addition to the above Jurors, experts or outstanding authorities in the various 
classifications covered by the Program were consulted as needed in order to properly 
appraise the merits of the papers. 







Studies in Arc Welding 

DESIGN, MANUFACTURE 
AND CONSTRUCTION 

Section I 
Automotive 


Chapter 1 — Low-Cost Grading and Hauling 
By John F. Dillon, Jr., 

Welding Engineer, LeTomneau Company of Georgia, Toccoa, Georgia. 



Subject Matter: Construction by welding of a twin'Dicsebmotored 
tractor, (400 horsepower), and scraper combination. Capacity 
of scraper is 60 yards and on a job moved clay for 5 cents per 
yard. A shovel and trucks cost 13 cents per cubic yard for same 
job. Aside from the motors and a few small parts, the unit was 
completely welded, including frame mounting for motors, fuel 
tanks, gears and gear case, transmission, oil pans and fuel and 
exhaust lines. The sequence of operations is thoroughly described. 
The cost of welded construction is much less than other methods. 
Considerable saving is made in weight. 


John F. Dillon, Jr. 


A new 60'yard scraper had been built, but it was found that the single- 
motored tractor used in testing it did not have suflSicient horsepower to give 
the scraper capacity operation. An idea was conceived to fabricate a twin- 
motored tractor that would develop 400 horsepower. It was decided to use 
two Diesel engines for the motive power, and connect them to the specially 
designed transmission by fluid drive. The transmission clutches, steering 
dutches, and power control unit were to be air-operated, but the reverse 
control was to oe manually operated. Weeks of en^cering, material prwa- 
ration, arc welding, machining, and assembly were required for the first 
experimental model. A progressive discussion will be made on the fabrica- 
tion of this tractor, followed by a cc«t per yard analysis of the tractor and 
scraper combination as compared with that of truck and shovel. 

I, IkSaiii case siib-smictute----The parts for this structure were torch-cut 
fejto gjedal alloy, mild rieeL The outside side plates were pce-heated to 
1200*]? and dk-pressed to shape. Whenever possible, bearing blocks and 
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4 STUDIES IN ARC IFELDING 

their bosses were welded as sub'-structures before being set-up as part of the 
main sub- structures, • •• o u* \ 

The structure was set up bottom^side up on a special jig, (See Fig. 1), 
with an allowance of inch for shrinkage in the following manner: 

Sequence of Operations 

1, Position and tack weld top rim parts togetker. 2. Position and trim right and left 
side plate structures. 3. Position and clamp right and left bearing block plates and 
tcr partition. 4. Start shaft through right side plate. 5, Position bushing on shaft for 
right side plate. 6, Move shaft and position bushings for right inside plate and bearing 
block plate. 7, Move shaft and position bushing for center mam partition plate. 8. 
Move shaft and position bushings for left bearing block plate and inside plate. 9. Move 
shaft and position bushing for left side plate. 10. Position, align and clamp right inside 
plate, U, Align and clamp front right side partition structure. If Align and clamp 
center partition structure. 13. Align and clamp front left side partition structure. 14. 
Position, align and clamp left inside plate structure. 15. Position, align and clamp front 
plate. 16. Position and tack weld gussets between right inside plate and right side parti- 



Flg. h deft). Structure bottom side up on spedlcd FItf. 2« «VMl 

bKEcos to stntdcire. 


tion plate. 17. Position and tack weld gussets between left inside plate and left side 
partition plate. 18. Check for alignment. 19. Tack weld parts together, 20, Position 
and clamp rear plate. 21. Align and tack weld rear plate to other Pitrts, 22* PoririOO* 
clamp and tack weld right spiral pinion front bearing block, 23* roritjon, clamp ana 
tack weld right spiral * ‘ ' ‘ ^ . 

Position, damp and tac t * 

and tack weld left spiral pinion and take-of shaft bearing 

weld tic plate, 28. Position, damp and tack weld right ateering dutch thaft ride bearing 
block. 29. Position, damp and tack wdd steering dutch shaft side bearing block. 
30. Position and tack weld channel to parts^ 31* Forifion and tack weld angle to 


32, Position, clamp and tack weld support pkte^ to r%iit and left steering clutsih 
blo'dc 33. Position, 'align and tack wdd' right |,4*Foifc' 


tack weld right pinion bearing block. 35. Position abd tack wet 
plate. 36. Position, clamp and tack weld left pinion i 
tack weld section of left side plate. 38. Drag bead parts 
at 300 amperes. 39. Loosen clamps. 40. Position add tact wd 
41. Fotikioii'and ckmp rear plate. 42, Porition and 'tlidk ‘weM 
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side plates. 48. Position and tack weld rings in holes. 49. Remove and raise structure 
to floor. 

After the main case was removed from the set up jig, it was positioned 
on. the floor for welding. Cross'braces were tack welded to the inside of the 
structure, (See Fig. 2), to help hold the warpage to a minimum. The struct 
ture was turned to a number of positions in order to make as many of the 
welds as possible in the flat, high-speed position. While the structure was in 
each position, additional drag beads were deposited to keep the structure 
from distorting. Several parts were positioned, tacked and welded during the 
fabrication of the structure due to the fact that welds would have been elimi- 
nated had these parts been set-up as part of the original structure. The struc- 
ture was welded in eighty (80) man-hours by using !4dnch electrodes at 300 
amperes and %ednch electrodes at 400 amperes. All straight “tee’.’ or “fillet” 
type welds were made in the flat position and the circular “tee” or “fillet” 
type welds were made in the horisiontal or fillet position. 

After the structure was completely welded, the crossbraces were removed, 
and it was found that very little distortion had taken place. The structure 
was 'welded in the following manner: 

Sequence of Welding 

L Weld right and left side plates to bottom plate. 2. Weld main case rear plate to 
bottom plate. 3. Weld right and left side plate sections to bottom plate. 4. Remove 
structure from jig; position on floor— bottom side up. 5. Tilt structure at 45® — ^Icft 
side up. 6. Weld right inside pktc to bottom plate (outside). 7. Weld left side of 
hitch block to bottom plate. 8. Weld left side of left hitch gusset to bottom plate. 9. 
Weld left side of center and right hitch gussets to bottom plate. 10. Weld (inside) 
rim to ri^ht side plate. 11. Weld (outside) rim to left side plate. 12. Turn structure 
to 45® tilt^right side up. 13. Weld left inside plate to bottom plate (outside). 14. Weld 
right side 6f hitch block to bottom plate. 15. Weld right side of right hitch gusset to 



ti r * tii t It \ ‘ 

Pp, m.. if liar i nqchl nln f pkcdm 
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bottom plate 16 Weld ngbt side of center and lett hitch gussets to bottom plate* 

17 Weld (inside) iim to left side plate 18. Weld (outside) iim t(^ nght side plate, 

19. Turn structure to 45° tilt — rear side up 20 Weld rear plate to bottom plate 
(outside) 21 Weld ends of mam gear compartment bottom plates to bottom plate 

22 Weld bottom tie plate to nght lear bearing block and front plate 23 Weld nm 

(inside) to front plate 24 Turn structure 45®— structure upright with rear plate up 
25 Position and tack weld front channel parts to front plate 26 Weld upright channel 
parts to long channel 27 Weld upright channels to partition plates 28 Weld bottom 
of long channel to front plate 29 Weld pinion gussets to right and Icit side plates 
30. Turn structure to 45® tilt— -front side up 31 Weld front plate to bottom plate 
and mam gear compartment bottom plates 32 Weld nm (inside) to main rear plate. 
33 Weld nm (inside) to side parts of mam rear plate 34 Weld urn (outside) to 
front plate 35. Turn structure 45° — front plate up 36 Drag bead parts together 37 
Weld section of right and left side plate nm parts together 38 Weld fiont plate to 
right and left side plates 39. Weld front of hitch block to bottom plate. 40. Weld 
front side of bottom gussets to right and left pinion blocks, 41 Turn structure 90®-- 
top of structure up 42 Torch cut PCU rear plate 43 Weld nm parts together. 44. 
Weld right and left front partition gussets to angle 45. Weld rear plate to back section 
of nm 46 Weld rear plate side sections to bottom plate (inside) 47, Raise structure 
on nght side 48 Drag bead paits to bottom plate 49 Tilt structure 45° 

50 Weld left side plate sections together 51 Weld left side plate section to rear 
plate 52 Weld left side plate to rear plate 53 Weld right side plate (inside) to mam 
rear plate. 54 Weld gusset to left pinion bearing block 55. Weld gusset to left front 
partition structure 56 Weld left front partition to front plate. 57 Weld tic plate to 
left front spiral pmion blocks. 58 Weld left spiral pinion tie plate to front plate. 
59. Weld left and center front upright channels to front plate 60 Weld center partition 
to front plate, 61. Weld side of channel to center partition 62. Weld tie plate to 
right rear spiral pmion block and front plate 63 Weld front and rear spiral pinion 
blocks to right and front partition 64 Weld right front upright channels to front 
plate, 65 Weld side of channel to right front partition 66 Weld gussets to right inside 
plate. 67 Weld side of channel to right inside plate, 68. Weld right side plate (inside) 
to front plate 69 Weld front long channel to right side plate 70, Weld nght pmion 
block gusset to nght side plate 71. Tilt structure to 4 5°— front plate up. 72. Weld 
(inside) nght side plate to rear plate 73 Weld gusset to left pinion block. 74. Weld left 
inside plate to rear plate. 75, Weld left steering clutch bearing block to rear plate. 
76. Weld center partition to rear plate 77. Weld right inside plate to rear plate. 
78 Weld right side plate section to rear plate (inside). 79. Weld pinion block gusset 
to nght side plate 80. Weld front gusset to left inside plate. 81. Weld gussets to left 
front partition plate. 82. Weld side of channel to left front partition plate. 83. Weld 
left front and rear spiral pinion blocks to tie plates* 84. Weld side of channel to center 
partition 85. Weld right front and rear spiral pinion blocks to right partition. 86* Weld 
side of channel to right front partition plate. 87, Weld gussets to right inside plate, 
88 Weld side of channel to light inside plate. 89. Weld bottom pinion block gusset to 
right side plate. 90. Turn structure back 45®— structure upright with left side up, 9L 
Weld (outside) left side plate to mam gear compartment bottom plate* 92* Weld gussets 
to hitch block. 93 Weld (outside) right inside plate to main gear compartment bottom 
plate. 94. Weld (outside) ring to left side plate 95. Weld (outside) left ride plate to 
top and bottom plates 96. Weld (inside) nng to right side plate* 97. Weld (inride) 
right side plate to top and bottom plates. 98, Weld (inride) left inride plate to main 
gear compartment bottom plate. 99. Weld angle to ride of left front pardion plate. 

100 Weld lip of left and center upnght channel 101. Weld ride of Mt and coater 
upright channels to long channel and side of left front and center jftrridon plrise*. 
102. Weld angle to left steering clutch bearing block; center pardtion* right riiering 
clutch bearing block, right front partition and right inride plate* 101, WfM bottfeoa 
spiral pinion to plate to left tie plate and to right partition plate. 104* Weld ride of fight 
upright channel to nght front partitiQn and long channel 105, Widd right ride pfi^ 
(inside) to nght main gear compartment bottom plate. 106. Weld ridet of long ehawiel 
to right side plate. 107. Weld bottom ride of right pinion Mock to right riife 
108, Weld bottom gusset to right pinion blo<^, 109, wrid right pinion block to rifto 
side plate. 110. Torch cut, hole; position, tadfc wdd imd wrid ppe tO rind Wt 
Btccrto dutch block supports. 111. Tilt structure 45*— bottom of .fiwtuw gciff doim, 
112* wdd left inside plate to bottom plate and mid channel# III# Weid l«| wc»t 
mjeritkm to bottom plate. 114, Weld channri to ride of' Wl front fimititwi# Itf* 
left i|^ pinion blocks to top of left front pftrtilima, 116, -WeM ridb Of 1^ jimspilli 
dutch block to bottom plate. 1X7. Wdd left support pl^ to ride lem rtetiwg dmdl 
Hodc. 118. Weld ride of center partition to bottom plate* 119, to riit 
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of center partition plate. 120. Weld side of right steering clutch block to bottom plate. 
121. Weld left support plate to side of right steering dutch block. 122. Weld side of 
right front partition plate to bottom plate. 123. Weld channel to side of right front 
partition plate. 124. Weld top of right pinion bearing block to side plate. 125. Weld 
right inside plate to bottom plate. 126. Raise structure on left side— right side up. 
127. Drag bead parts to bottom plate. 128. Tilt structure 45®. 129. Weld right side* 
plate sections together. 130. Weld right side plate section to rear plate. 131. Weld 
right side plate to rear plate. 132. Weld left side plate (inside) to main rear plate. 
133. Weld gusset to right pinion bearing block. 134. Weld gusset to right front partition 
structure. 135. Weld right front partition to front plate. 136. Weld tie plate to right 
front spiral pinion block. 137, Weld right spiral pinion tie plate to front plate. 138. 
Weld right and center front upright channels to front plate. 139. Weld center partition 


Fig* 4* hOU vmd lor bulk of boring. 

to front plate. HO. Weld side of channel to center partition. 141. Weld tie plate to left 
rear spiral pinion block and front plate. 142. Weld front and rear spiral pinion blocks 
CO left front partition* 143. Weld left front partition to front plate. 144. Weld left 
front upright channels to front plate. 145. Weld side of channel to left front partition. 
146. Weld gussets to left inside plate. 147* Weld side of channel to left inside plate. 
148. Weld left side plate (inside) to front plate. 149. Weld front long channel to left 
tide plate* 

150. Weld left pinion block gusset to left side plate, 151. Tilt structure to 45*’— 
front plate up. 152. Weld (inside) left side pkte to rear plate. 153. Weld gusset 
right pinion block. 154. Weld right inside plate to rear plate. 155* Weld right steering 
dutch bearing block to rear plate. 156. Weld center partition to rear plate. 157. Weld 
left inside plate to rear plate. 158. Weld left side plate section to rear plate (inside). 
159. Weld pinion block gusset to left side plate. 160. Weld front gusset to right inside 
g^late* 161. Weld gussets to right front parritionr plate. 162. Weld side of channel to 
right front partition plate. 163. Weld right front and rear spiral pinion blocks to tic 
pkte. 164. Weld side of channel to center partition plate. 165, Weld left front and rear 
ipiril pinion blocks to left partition pktse. 166. Wdd side of channel to left front 
ptrMion plated 167» Weld gussets to left imide pkte. 168. Weld side of channel to left 
fnside 169* Weld hottom pinion block gusset to left side plate. 170. Turn 

axiictwc teA 45* itrwyture upright with rigk ride up* 17L Weld (outride) right ride 
phM ix>in|wctm«nt bottom pisyte. 172. Weld gussets to hitch block. 
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175 Weld (outside) left inside plate to mam gear compartment bottom plate 174 
Weld (outside) ring to right side plate 175 Weld (outside) right side plate to 
top and bottom plates 176 Weld (inside) nng to left side plate. 177 Weld (inside) 
left side plate to top and bottom plates. 178 Weld (inside) right inside plate to mam 
gear compartment bottom plate 179 Weld angle to side of right front partition plate 
180 Weld hp of right center upright channel 181 Weld side of right and center 
upright channels to long channel and side of right front and center partition plates 
182. Weld angle to right steering clutch bearing block, center partition, left steering 
clutch bearing block, left front partition and left inside plate 183 Weld aide of left 
upright channel to left front partition and long channel 184 Weld left side plate 
(inside) to left mam gear compartment bottom plate 185 Weld channel 

to left side plate 186 Weld bottom gusset to left pinion block 187 Weld bottom side 
of left pmion block to left side plate 188 Weld left pmion block to left side plate 
189 Weld pipe to right and left steering clutch supports 190 Tilt structure 45 — 
bottom of structure going down 191 Weld right inside plate to bottom ^tid end 
of channel 192 Weld right front partition to bottom plate 193 Weld channel to 
side of right front partition 194 Weld right spiral pmion blocks to top of right front 
partition 195 Weld side of right steering dutch block to bottom plate. 196. Weld 
right support plate to side of right steering clutch block. 197 Weld side of center 
partition to bottom plate 198 W^eld channel to side of center partition plate. 199. \veld 
side of left steering clutch block to bottom plate. 

200 Weld right support plate to side of left steering clutch block 201. Weld side of 
left front partition plate to bottom plate 202 Weld channel to side of left front parta^ 
tion plate 203 Weld top of left pinion bearing block to side plate. 204, Weld left 
inside plate to bottom plate 205 Turn structure at 45"^ tilt— rear side up 206, weld 
rear plate to top plate 207 Weld top plate to nm. 208 Weld side plates to top plate. 
209 Weld (inside) bottom plate to mam rear plate 210. Weld rear side of angle to 
bottom plate 211. Weld rear end of right and left front partition plates to angle. 
212 Weld left side of channel to bottom plate. 213, Weld left and right inside plate 
gusset to top of channel 214 Weld right front spiral pmion block to bottom tic plate. 
215 Weld rear side of left rear spiral opinion block to bottom plate, 216. Weld bottom 
plate to front plate (inside) 217 Weld right and left main gear compartment bottom 
plate to front plate (inside) 218 Weld top of front long channel to front plate. 219. 
Weld top of all partition plates to front plate 220, Turn structure to 45*^ tilt — front 
up 221 Weld right front and rear spiral pmion blocks to bottom tie plate. 222. Weld 
front side of channel to bottom plate 223. Weld front side of right and left maide plitft 
gussets to top of channel 224 W^eld front side of angle to bottom plate. 225. Weld 
front end of right and left steering clutch bearing blocks to angle. 226, Weld front 
side of nght and left inside plate gusset to angle. 227. Weld main rear plate to bottom 
plate (inside) 228. Weld right and left mam gear compartment bottom plate to bot^m 
plate. 229 Weld top of all partition plates to rear plate. 230. Turn itructure— top Up, 

231 Fosition, tack weld and weld 3 sides of right and left top bearing block 

232 Position and tack weld upper hitch reenforcing plates. 233. Weld frc^nt upper hitch 
reenforemg plate to bottom plate and top of center partition. 234 Weld itfucturt on 
right side — -structure upnght. 235 Weld upper bitch reenforcing platei together. 
236. Weld left upper hitch side plate to nm and bottom pkte. 237, Turn structure tSO^ 
— ^left side up — structure upright 238. Weld upper hitch reenforcing plat« together. 
239 Weld right upper hitdb side plate to nm and bottom plate, 240. Afide itructure. 

The case was then taken to the furnace to be annealed. It wa« heated 
to 200° F and allowed to cool slowly fqr twentyTour hours. The case was 
then sent to the cleaning departmesot where it was sand blasted to remove dje 
scale and dirt from it After this, the structure was settt to the machine shop 
to he faced, bored, drilled and tapped, 

A spemal boring jig, (Sec Fig. i), was requited for ntachining plaoet that 
the regular boring mill could not reach. This machining operation tequiittd 
seventy (70) man hours. The balance of the boring was done in an addi- 
tional forty-eight (48) hours on the regular miB, (See Rig, 4). It vwfcl thm 
removed to the drill where it was completely drflled and tftpfod to 
two (72) hours. , 

The case was transported to the assembly Ike few.furtbce 
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Figr. S. Structure ready lor asaexnbly, 

II, Motor Frame Structure — ^THis structure has a three-fold purpose — 
firstly, the right and left tanks are fuel tanks with 155-'gallon capacity; 
secondly, the crossbeam and center beam serve as air storage tanks; thirdly, 
the group when welded together serve as beam supports for the two, 200 
horsepower Diesel engines. The tanks act as cantilever beams and therefore 
were welded rather securely by welding the ends of the right and left fuel 
tanks and the center air tank to the main case. 

Before setting up and welding the motor frame structure, the four tanks 
were set up and welded as sub-structures. The following routine and weld- 
ing specifications apply to the left fuel tank- 

Sequence of Operations 

1. Buff all inside surfaces of parts. 2. Position left side tank plate on table, 3. Por- 
tion, tack weld and weld baffle plates (side) to outside plates (stagger welds) . 4. Weld 
top end of baffles to top part of side plate, 5. Position and tack weld dgbt side tank 
plate. 6. Turn structure 90** — ^top side up. 7. Weld bottom end of baffles to bottom 
part of side plate. 8. Turn structure 90** — ^left side up. 9. Weld side of baffles to right 
side plate. 10. Torch cut all boles for pipe sleeves. 11. Position, tack weld and weld 
pipe fittings to tank, 12. Position, tack weld and weld pipe fitting gua^ to bottom of 
tank. 13. Position tank upright, 14. Weld scam of top plate. 15. Weld both end 
plates to bottom plate. 16.; Turn structure 90** — left aide up. 17. Weld both end plates 
to right side plate. 18, Turn structure 90*— bottom up. 19. Wdd both end plates to 
top plate. 20. Turn structure 90® — right side up. 21. Weld both end ^ I^ates^ left 
side plate. 22. Raise structure (top up) to 45® tilt. 23.W^cld edge of nght ddc plate 
to top pla<«i. 24. Raise front part of structure until top plate edge as level. 25. Wdd 
rest of right side plate to top plate. 26. Turn structure 180* — ^bottom plate edge 
level. 27. Weld left side plat4 to bottom pld». 28. structure, . , ^ , 

A. very drrutl ar procedure is fcdlowed in fabricating the right fuel tank, 
at the center of both fuel taiiks, a baffle plate was welded in. This 
plate also acts as a web plate to reduce the diaphragming action of the side 
tslSLtSCSs 

The oroMbea-m atmeture, in addition to serving as an air t^fc, also forms 
a base for the support of the radiators. The set-up and welding procedure 
y^dthits welding specifications is as follows: 

1 ^ ^ Seqtienec €»i Operatiojcis 

• *' * tel— ti Poddofi bottom on set up table. 2, Poddon spacer; positiem 

top front plate, 4. Tack weld parts together. 5, Remove spacer; a mde 
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n. Welct— L Position structure on front plate at 45° tilt. 2 Weld top plate to rear 
plate. 3. Weld top plate to front plate 4. Turn structure over. 5. Weld (complete) 
bottom plate to front plate. 6. Turn structure over 7. Weld (fill m skips) top plate 
to rear plate. 8. Weld (fill m skips) top plate to front plate. 9 Position structure fiat, 
drill holes in top plate 10 Turn structure over, drill holes m bottom plate 11 Position 
tack weld and weld ends of stay bolts to bottom plate 12 Turn structure over, weld 
ends of stay bolts to top plate 13. Torch cut hole; tack weld and weld coupling 
m top plate. 14. Position structure on front plate 15 Torch cut holes in rear plate 
16 Position, tack weld and weld couplings to rear plate 17 Drill and top hole in 
bottom plate 18 Clean track out of structure 19 Position and tack weld end plates 
20. Weld end plates to front plate 21. Turn structure 90®, weld end plates to bottom 
plate 22. Turn structure 90®, weld end plates to rear plate. 23. Turn structure 90®, 
vfeld end plates to top plate 24 Aside structure 

The center beam is used as additional air storage space, and it adds also 
to the structural strength of the frame The inside, rear motor bolt plates 
are anchored to this beam The beam was constructed by welding two 
angles together to form a box beam. And by the following procedure was 
made into the finished tank sub-'structure: 

1. Raise rear end of beam 45® 2 Position, tack weld and weld 1st side of plate 
inside end of beam 3 Turn structure at 90® intervals and weld other 3 sides of plate. 
4 Position beam, position and tack weld reenforcing plate to bottom of beam. 5, Posi- 
tion and tack weld temporary braces to reenforcing plate. 6. Tilt structure until 
reenforcing plate is up and at 45® 7 Weld 1st side of reenforcing plate to bottom 

of beam, 8. Turn structure 90® — 2nd side of reenforcing plate up at 45®. 9. Weld 
2nd side of reenforcing plate to bottom of beam (stagger with opposite side). 10, 
Aside structure. 

Sequence of Operations 

The oil pan guards are welded as sub-stxuctures because they can be 
positioned more easily due to their size and at the same time better quality 
welds result. The following procedure was used for welding: 

L Set Up — 1 Position bottom plate. 2. Position and tack weld side plates. 3. Aside 
structure. 

n. Weld — L Position structure; weld front of right aide plate to bottom plate. 2, 
Position structure, weld rear of right side plate to bottom plate. 3, Position structure 
at 45® — nght edge up. 4. Weld right side plate to Bottom pkte. 5* Position sixucture; 
weld front of left side plate to bottom plate. 6. Position structure; weld rear of left 
side plate to bottom plate. 7* Position structure at 45® — left edge up^ Weld left 
side plate to bottom plate. 9. Aside structure. 

Sequence of Operations 

Having these sub-structures completed, they were positioned, tacked and 
welded together to make the motor frame structure as outlined below: 

1, Position align fuel tanks 2, Position front air tank. 3. Align andi tack weld ptroi 
together. 4 Position and tack weld center air tank. 5. Position and tack wdd 
temporary braces. 6 Position and tack weld battery bottom cross beams, 7, Foiidon 
and tack weld cross pipe to fuel tanks. 8. Weld (mtide) center air tank to front idr 
tank. 9. Position and tack weld end cap to center tank. 10. Weld top of cap to center 
tank. 11. Weld bottom of cap to center tank and top of front tank, 12, wdd light 
and left sides of center tank to front tank. IS.Wedd top of right tank to front tonk, 
14. Weld tight tank to end of front tank. 15. Weld km tMik to end of Imnt tok. 
16. Weld top of left tank to front tank. 17. Turn structure on dde of mkl 

18, Weld IcK fuel tank to front air tank (bottom and rear), 19, Weld centor tlr tank 
re-enforemg plate to rear of front air tanL 20, Wdd orosi pipe to left tink. 11. Pc^- 
oon and tack weld vertical beam to left fud tank, 22, FodSon, tocic wdd and wdd 
(sides) caps to vertical beam. 23. Wdd top of bottom cap to verdcil beam. 14. Wdd 
hot^m of top top to vertical beam. 15. Wdd vrtW beam fiictfa mi hm^m «id) to 
fud tank. 26. Wdd b^ery box cross be^s to Irft fud tonic (dl wwwd), 11, Weld 
«ght tank to end of front air tank. 28. Torn tank tgO* mi dde of right tosdk. If, 
Wdd riik tank to frOTt ait tank (bwitow wd mb:). iO.WidWI wntrar aibr *mk 

B *^!***®* ^ wdd obbw to ligitt Mil. 12. 

PodtM sod tade wdd vertical beam to right fud Ml. wdd md 

verri^ b^. 34. W^ tog of bottom ew to vtnicit Iteanu If. 

Wdd bottom of top cap to verried beam. 36* Wdd wttel mm iMtosn 
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end) to fuel tank. 37. Weld battery box crossbeams to right fuel tank (all around) 
38. Weld left tank to end of front air tank. 39. Turn structure 90° — bottom up. 4C 
Position and tack weld bottom plate. 41. Weld sides of bottom plate to fuel tanks 
42. Weld ends of right and left tank to bottom of front air tank. 43. Turn structure 
over— top side up. 44. Weld (stagger beads on opposite sides) center tank reenforcinj 
plate to bottom plate. 45. Aside structure. 

It is to be noted in the procedure above that the front end of the centej 
air tank is fitted over the front tank and then welded, through the open enc 
and on the sides. A hole in the bottom plate of the center air tank fits arounc 
a sleeve welded in the front tank, and when welded to this sleeve, the joini 
is air tight. The weld on the outside joining the tanks together is also made 
air tight. After the structure is completely welded, the tanks are tested witi 
80 pounds of air-. 

The motor frame structure was next aligned and welded to the case 
structure with the weld specification as listed: 

Sequence of Operations 

1. Position, align and tack weld motor frame structure to case. 2. Weld top oi 
fuel tanks to case. 3. Weld sides of fuel tanks to case. 4. Weld bottom of fuel tanks to 
case. 5. Weld top of center air tank to case. 6. Weld sides of center air tank to case. 
7. Weld bottom of center air tank to case. 

The structure as fabricated up to this point is ready for assembly and 
finishing, (See Fig. J). As connected with the motor frame, it indudes 
mounting radiators, welding battery boxes in place, bolting dash on case, 
mounting motors and connecting them to air^filters, and radiators, wiring 
for the starter and head lights, and mounting of the hoods. But before this 
work could be done several more sub-'structures had to be welded and then 
sub^assemblies made. 



% Dvisii, mod* ol xnid stttk 


Rgdiiitw — This structure is composed of three sections welded as sub- 
^roettres and then bolted togdixer with the radiator web (purchased part). 

The itdiator top tank has a krge die pressed shell made of special alloy 
imild itel atid several torch ait parts welded to it. The following procedure 
applici tl^is ^xuctee 
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Sequence of Operations 

I. Set Up— 1 Positioa bolt plate on pg 2 Position top curved section. 3 Position 
back plate. 4 Align and tack weld parts together 5 Position tack weld side hller 

plates 6, Weld (inside) top curved section to bolt plate 7 Position and tack weld 

temporary reenforcing bar. 8, Remove and aside structure i i i 

II* Weld— 1 Position structure at 45 "" tilt — edge of back plate and bolt plate up 2. 
Weld edge of back plate to bolt plate 3 Weld back plate (while turning structure) to 
top section 4 Weld bolt plate (outside) to top section 5 Turn structure on ^ont 
side— raise left side 45" 6 Weld back plate (right end) to top section. 7 Turn 

structure until right side is up to 45® tilt 8 Weld back plate (left end) to top section 
9 Turn structure on top side, 10 Weld bolt plate to straight part of top section IL 
Turn structure until left side is up at 45". 12 Weld bolt plate to straight part of top 
section* 13 Position structure on right side 14, Weld (outside) left filler plate to top 
section. 15. Weld (inside) right filler plate to top section 16 Turn structure end for 
end 17 Weld (outside) right filler plate to top section, 18. Weld (inside) left filler 

plate to top section 19 Position structure on front side 20 Position^ tack weld and 

weld intake pipe 21 Position, tack weld and weld connection pipe 22 Aside structure. 



Fig* 7* D*dc cover plexto IxxHedl tc top ot 


Sequence of Operatxom 

Hie side seefipapt^^. are composed rnamly of a die**pres»ed shell Tlw ^ 
used for this pressing -ms arc w^ided and the letters "Toiimapiiir iwe 
bmlt up on the die wiih laid featog. The- wdiding procedure is u folwii 

I and IL Set Up and WdW— side it InMde. 

and tack weld bottom bolt plates* 3. Position Slid tack Wdd mp Mt jte* 

Jigs; turn structure over. 5* Pos^t^n and nA mU 4 Wild ilkr 

together* 7. Weld filler plate to aide plate, 4 wdd (ouMdft) Wt plate m 

side of aide plate* 9, Turn structure over; weld f ' * ' ' * * ' 

Foddon atruaurc on bottom end, 11 Weld 
plate* 12. Weld (inside) filler plates together* 1 1* Weld 
m side plate. 14. Weld top side of bottom boh plate# to 
bottom bolt plate to side plate. 16. Turn struetdre m4 f< 
bottom bolt plate to side plate 18. Weld (outside) stpilill 
Weld bottom of top bolt plate to side plate and filar plate. 



i « 1^, 
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The welded parts were assembled together with bolts. Two radiator 
assemblies are required for each tractor — one for each engine The base 
bolt plates were bolted to the bottom of the radiators and each structure 
positioned and aligned on the cross beam air tank The base bolt plates were 
tacked to the tank and then the radiator structures were removed after 
which the plates were welded to the tank 

The motor base, bolt plates along with their gussets are aligned by 
means of a special jig This jig has a shaft which goes through the drive 
shaft openings m the front of the case, thus corresponding to the line shaft 
of the motor and coupling shaft The bolt plates are welded into position 
after the jig is removed. 

The battery boxes were made from pieces of 12^gage mild steel and 
arc welded together They were then tack welded to the cross beams pro" 
vided for them just in front of the case The covers were made of the same 
kind of material as the body of the boxes. 

A dash, (See Fig. 6), was made of 12^gage mild steel with a Ixlr^ednch 
angle welded around the upper edge and a lxlx%'mch angle welded to the 
bottom for a bolt plate. This structure was bolted to an angle welded be^ 
tween the fuel tanli next to the rim of the case structure. All gages, meters, 
indicators, speedometers, starters and light switches were mounted to this 
structure. There are two complete sets — one for each motor. The welding 
procedure used is as follows: 

Sequence of Welding 

1 Position plate. 2. Position and tack weld top band 3, Turn plate over; position 
and tack weld angle to plate. 4. Turn structure over — top band up 5. Weld front of 
plate to top band, 6. Weld front of plate to angle. 7 Turn structure over. 8. Weld 
angle to back of plate. 9. Weld (edge) top band to plate 10. Grind top C(dge 11. 
Aside structure. 

The radiators were rebolted to the base plates. An anchor beam for the 
radiator grill and hood was constructed between the radiators. It consisted 
of one vertically positioned box beam welded to the top of the center tank 
and a box beam brace welded to the top of the vertical beam running 
diagonally backward with the other end welded to the center tank. A curved 
piece was welded to the top of the box beam frame in line with the radiator 
tops. Similarly curved pieces were welded to the radiator tops at their 
centers and overlapping the curved piece on the box beams to which it was 
bolted. This completecT the radiator top. 

The radiator grills were next bolted to each outside radiator side plate 
and the center beam, thus forioing the radiator front as shown in Fig. 5. 
These grills were arc welded structures, being fabricated before assembly 
to the front of the radiators. 

Before bolting the motors in position, the oil pan guards were welded 
to the bottom motor frame plate. A box beam was welded to the center tank 
immediately m front of the battery boxes. To the top of this beam was 
welded a bracket wlrmh supports the filter tank for the transmission case 
ofl. The tibrottie control bracket ws mounted between the battery boxes 
and the filter tank support. 

The motors were then aligned, shimmed and bolted in the proper posi-' 
rion* Bracket* for the air filter tanks were welded towards the front end of 
the Incline pkte of each fuel tank. Hose connections were made from the 
<x»preiior tQ the filter tank and then to the storage tank. After this, the 
omnectiemi were made to the motor. Next, the exhaust pipes 
oinnedteJ to ,the They arc s«n as the vertical pipes behind 
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Fig* 8. Bolting tire to mrhe®!* 

the radiators in Fig. ?. Also welded to the structure at this point, was the 
hinged step to the side of the left fuel tank as seen in Fig. 5. 

The hood was made of three separate structures. 

Thfe left side structure was made of two pieces of 12'gagc material butt 
welded together. This seam was reinforced by welding a lxlx%ft'inch 
angle to each section of 12'gage material just to the sides of the butt weld. 
This angle also helped to add stiffness to the structure. Two rolled sections 
of bar were welded to the front and rear of the structure to be 

later drilled and tapped for bolting the hood to the radiator tops and the 
top of the dash. A standard pipe section was welded to the front lower 
edge of the main sheet to improve appearance as well as reinforcement. A 
short length of lxlx%8'inch box beam was welded to the reax lower edge of 
the main sheet, also for reinforcement. Another 

welded to the underside of the 12'gage material for added stiffness. The 
right side structure was similarly constructed except that instead of butt 
welding the 12'gage sections together, short sections of J4'hich pipe were 
welded to each edge and staggered so that they interlocked when the edges 
were placed together. These hood structures were bolted on after the rest 
of the motor assembly was done. 

Assembly of Ttattsmissioii in Case — ^The transmission was assembled as 
shown in Fig. <5. The hydraulic oil manifolds were assembled and installed 
to the case before starting the installation of the gears and so forth. To 
begin with, the right and left spiral pinion gears were installed in the front 
of the case and a<husted. The gears for the power control unit were asseso' 
bled to the shaft at the same time as that of we left sjfel bevel pinion. The 
line Aaft for ^e power control unit was installed in the case and extend* 
through the entire length of the case. The power ccaittd imit waa asiemMed 
in its case at the rear of the main case. After this ihstalkdon of geark and 
itnd clutthes, the rear cover plate <an arc welded imb-atfucturel WM beted 
on and then the cable drums were assembled to their shafta on tfw otstaide <41 
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the cover plate. The right and left final drive pinions were assembled to 
their shafts with the bearings The assembled pinion shafts were installed 
m each rear corner of the case. Next, the right and left final dnve bull gears 
were assembled to their shafts with the bearings and oil seals. This assembly 
was then installed m the center of the nght and left sides of the case. 

An assembly for the primary shaft was made. This consisted of mounting 
the high speed pnmary gear on the shaft with its female clutch cones and 
bearings Similarly, the low speed primary gear was mounted These gears 
were locked in place on the shaft by nuts Then the male clutch cones were 
assembled to the shaft and afterwards the cam nngs, adjusting spiders, and 
throwout collars The pnmary low speed driven gear was assembled to the 
secondary shaft. Then the reverse driving gear, the secondary high dnving 
gear with its female clutch cone and adjusting spiders, cam nngs, throwout 
yoke collar, a roller bearing and adjustmg nut were assembled to one side of 
the shaft. On the other side of the shaft the pnmary high driven gear, the 
secondary low^driving gear with its female gear clutch cone and ball bearing 
assemblies, and the male cone, adjusting spider, cam ring, throwout yoke 
collar and a roller bearing were assembled. 

The steering clutch shaft was assembled next. The reverse dog cliitch 
gear was assembled to the shaft, then the adjusting roller beanngs on the 
reverse driven gear. Following this, the reverse shifting dog clutch was 
assembled along with the secondary low driven gear and a roller bearing. 
After this one steering clutch assembly and brake band which consists of 
a male and female mner and outer cone splme dnven, an adjusting spider, 
cam rings and throwout yoke assembly were assembled to one side of the 
shaft. On the other side the secondary high dnven gear and roller bearing 
were assembled, then a steermg clutch assembly similar to that on the other 
side. 

The primary shaft assembly was installed in the front part of the Case 
just behind the spiral bevel pinions Along with this installation, mounting 
brackets were welded in place for the hydraulic pumps on the primary shaft. 
All bearing adjustments were then made. The secondary shaft was installed 
just behind the primary shaft and all adjustments made on the bearings and 
nuts. The steering clutch shaft was next installed and after making adjust^ 
ments, the steering clutch female cones were bolted to the final drive pinion 
flanges which completed the drive from the hydraulic coupling to the axles. 

The air control shifting mechanism and bH necessary air pipes, valves 
and cylinders were installed in the case. Also the lubricating oil line connect 
tions were made thus completing the inside installation. 

The deck cover plate was assembled next. This consisted of mounting 
the air line pipes and valves in the air^control console and then bolting it to 
the cover plate. Additional pipe lines were clamped to the under rfdc of the 
deck and connected to the console pipes. The plate was then bolted to the 
top of the case, (Sec Fig. 7). The ^t was assembled to the rear of the 
console and the rear hitch ball block was bolted to the rear edge of the case. 
Air cylinders were ccmncctcd along with the brake assembly previously 
installed in its housing under the deck plate. A compression release lever 
valve assembly was wlted to the side of the console and the foot pedal 
throttle controls ware instaied 

After checking all installations, the drive coupMnp were bolted in» 
connecttuf the motors with the transmission. Then the oil seal retainer 
|hites wore aligiMxI to eswh side of the am at the center prior to bolting 
two'awembled and wheels (8^ Fig. 8). The wheels ate all welded 



16 


STUDIES IN ARC WELDING 


structures. The wiring connections were completed, the hood bolted on, two 
hundred and twenty (220) gallons of OOO-DA lubricating oil was put m 
transmission case. Nineteen (19) gallons and three (3) quatts or w^er for 
each, motor was put in the radiators and then one hundred and nfty^five 
(155 ) gallons of fuel oil put in the tanks. The motors were started and when 
the air pressure built up, the unit was tested. 



Fig. 9. Twtctof asseiablod ydth 80-yecrd Bcxap&x. 

The final drive gears (See Rg. 10 ), the clutch cones, the throwout yoke 
structures and the smaller gears are all welded structures. Some few parts 
of these structiires are sand cast and there* are immediate future plans for 
casting some of the smaller gears, which type of production is more economi*' 
cal. The copper linings in the female clutch cones and steering clutch cone# 
are tack welded in with tacks V^dneh long on one inch centers. 

Cotidusion— In Fig. 9, the tractor is shown assembled to the dO-yard 
scraper. This combined unit is 52 feet long, 14 feet 8 inches wide (the 
scraper governs) and 13 feet 9 Y 2 inches high (scraper governs) and weighs 
95,990 pounds. The units are shipped separately, due to the sia^c of eadXt 
The scraper is bolted together — designed this way so that it could be broken 
down to its wdded structures for dripping. The tires are inflated witii 
forty-five (45) pounds of air and arc thirtyTour (34) ply. 

The tractor as a single xinit cannot move under its own power, due to 
the over^hang of the weight in front and the fact that there arc only two 
wheels. But there are very few Occasions wfc^ the unit is detached fit»m 
Ae scraper unit Connected to the scraper, the Peering k accompHihed hy 
applying brakes to one wheel, thus causing the, unit to tarn to the same 
that the wheel is on. A non-stop U-tum requires only m 86 foot circle. 
Again referring to Fig. 7, the two center levers on the console control the 
steering clutches. 

The depth of cut can be adjusted up to a maximum of 14 inches and the 
depth of spread up to 35 inches. This opcratk>n is accomplishixl by the power 
control unit on the rear of the case-connection being made by cable to the 
waaper through sheave housings., Th^ two levers <m the cxmidte 
control the operation of the power control imih t, J , i . 1 , i ^ i > , 

The speed of the tractor is controlled fewi m tibi 

consde Remeniber the levers control these cfwatiooi hjr irilr wcwldbf 1 wdbf 
wm^rnm of 85 to 105 poumds per square inch^and At ^ 
m eidh^compresfiing I4if: cubic i ; ^'.3 

. The motc^ arc connected to the imxmxmdm laf liwiidWilt ^flis 
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feature gives better performance by reducing shock loads to the transmission 
and smoother operation. Should one motor fail to operate, the remaining 
motor can run the unit at a slow speed if it is turning between 500 and 700 
revolutions per minute (400 revolutions per minute being the minimum for 
either motor to work) and at the same time the dead motor will not turn 
over. 

The tractor has performed beautifully with the 60''yard scraper. With 
just the tractor pulling the scraper, 40 yards of clay soil (2500 pounds per 
yard) were scooped up, and with a pusher on behind, 59 yards, constituting 
a heaped and capacity load, were scooped up. When attached to a 45''yard 
capacity scraper, the tractor increased the pick-up load (without pusher) by 
10 yards, almost loading the scraper to capacity. Fig. 11 shows the tractor 
and the dO^yard scraper in operation. (See also Figs. 12, 13, 14, 15 and 16). 

There seems to be no question about the fabrication of the tractor by 
arc welding being more economical than by other methods. It is true that 
the smaller gears, clutch cones and similarly si^jed parts can be cast cheaper 
if the foundry is running better than a 40 per cent yield. Yet, to cast the 
case would be a very difficult job and at the same time would require quite 
an expense for making the patterns and setting up the molds. Many odd^ 
shaped parts were accomplished easily and quickly by arc welding simple 
parts together. 



Flf* 10. ibe Umi dblr* 


Ot more interest to a contractor doing gmding work is the cost for mov" 
ing and grading each yard of earth. The initiaf cquipm^t cost is an im- 
portant item but profit is based on the oporating cost per yard moved. 
Therefore, an analysis will be made on the emt per yard as accompKshed by 
t3b^ tractor and scrapex with a pusher (bulldosjer) added and finally by a 
2 V 2 " 7 ard shovel, five^'yard dump trucks and a pusher for leveling. Records 
were kept 'op an actual gradmg job in which day soil was handled. The job 
mm done 'by the tractor mi the fiO-yard scraper, so that fairly accurate 

igllfef given.. ;i 

U' 4* we, ^ tractor and scraper acA only scohp up the load. 
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but also level it when dumped, thus eHminating the expense of a bulldozer. 
The depreciation of the equipment will be figured on 3 cents per $1000 
invested, based on a 10,000 hour straight''liiie write-off. The list price of 
the tractor and scraper is $46,270. At 3 cents per $1000, the depreciation 
amounts to $1.38 per hour. The operator for the tractor cost $1.2? per 
bringing the cost to $2.63. To this is added the cost of fuel. Each of the 
two engines use 50 gallons of fuel oil for ten hours of operation, or a total 
of 100 gallons for a twin-^motored tractor. This is a ten-gallon'-an-hour con" 
sumption and at 7 cents per gallon, makes a total of 70 cents per hour for 
fuel This brings the total to $3.33. Each Dksel engine has 6 gallons of oil 
in its crankcase or a total of 12 gallons. Figuring a cost of 87 cents per 
gallon, the lubricating oil totals $10.44, but this oil is changed every 50 
hours of operation so that the cost is .2088 an hour. The oil in the trans- 

mission of the tractor is changed every 2000 hours of operation. 

Since there are 220 gallons of oil required for each change and figuring at 
87 cents per gallon, the cost amounts to .0957 per hour. The tractor and 
scraper are greased every 10 hours which increases the cost .05 per hour. The 
total cost up to this point is equal to $3.6845. The tires on the tractor list at 
$1780 each, making the total investment $3,560. The type of ground on 
which the equipment operates determines the life of the tires. On this 
particular job of running over clay soil and fairly level runaway, the tires 
would last 5000 hours. .The cost per hour for tires would then be .752. 
To this must be. added the hourly cost for the 4 smaller scraper tires. Each 
tire lists at $970, and figuring again on a 5000 hour life, the cost is .776 
per hour. This brings the total now to $5.2125, The repairs include replace" 
ment of blades and cable to the scraper, field welding, parts and labor. The 
blade bolted to the scraper bottom is in three sections. The middle section 
lasts 600 hours and the outside sections last 800 hours. Figured on this 
basis, the cost runs 7 cents per hour. There is 982^/2 cable used 

on the scraper and has to be replaced after 100 hours of operation, cither 
part or the whole. Figuring on total replacement and the cost of 18 cents 
per foot, the cable cost per hour is $1.6785. Repairs and replacements of 
other parts vary considerably, depending on the type of ground moved, but 
in this case 20 cents per hour is rather conservative. Adding these items, 
the total cost is $7.1610 or $7.16. A summary of the coat per hour follows 
below: 

Cost per Hour 

Depreciation @3^ per $1000... — $L38 

ToumapuII Operator (§) $L25 per hr*— — — - L25 

Fuel Oil @ 7 ^ per gal..,— — — 70 » 

Diesel lubrication @87^ per gal — * .2088 

Transmission lubrication @ 87^ per gal .0957 

Grease — — . — — .05 

Toumapull Tires, (2)-^. — — .752 

Scraper Tires (4).. — ,776 
Blade Replacements...*..-^ — .™ — . *07 
Cable Replacements @ 18^ per foot*^— *.#***.—* 1.6785 
Repairs,——... — — ....... *20 


$11610 

Note: This cost does not include intereal,, fiaawwnoe* 
cTiwhead, profit or ■ supervision* 
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This grading as outlined above was done on a mile''and''a'half course 
with a 15''minute round trip. Since on each round trip 40 yards of earth 
was hauled and leveled, and 4 such trips an hour were made, then 160 yards 
was moved per hour. Figuring on 90 per cent operating efficiency per hour, 
the total pay yards is 144. The cost per yard amounts to .0497 or 5 cents. 

By adding a bulldo2;er, which acts as a pusher on the rear of the scraper 
during loading, the pay yards per round trip increased from 40 yards to the 
capacity load of 59 yards, and the round trip time remained the same. To 
determine the new cost per yard, certain additions must be made to the 
analysis covering the Tournapull and scraper. The list price of the ’do^er 
is $8,700 and with a 3 cents per $1000 depreciation, .261 must be added. 



Fig* 11, (lafO* Tractor and SO-yord scraper in operation. Fig. 12, (right). Front operating 

view of unit 


The cost of the operator runs $1.25 per hour, also making the addition 
total $1*511 so far. The 'do 2 ;er uses 5 gallons of fuel oil per hour and at 
7 cents per gallon totals 35 cents. The motor oil is changed after 50 hours 
of operation. This change requires 7 gallons and at 87 cents per gallon 
amounts to .12. Now, the oil in the Mozjer transmission (18 gallons) is 
changed every 300 hours. Figuring the same cost at 87 cents per gallon, 
the change amounts to .0522 per hour. The total additional cost now 
amounts to $2.0332. The Mosher is greased every 10 hours and amounts to 
about 4 cents per hour. Repairs cost very little, but do run about 7 cents 
per hour. The total additional cost is then $2.1432, or $2.14; a summary 
is tabulated below; 


Additional Cost 


Tournapull and Scraper cost per hour..., 

Di^nrftrtation ’ 

$7,161 

. . - 261 

’Dofijer Operator ........... 




1.25 

Oil - 





35" ■ 

Lubricating Ofl— 





.1722 

Grease 





.04 







07 

$9.3042 


Again, using a 90 per cent operating efficiency per hour and four round 
trips, the total pay yards is 212.4. Thm also, the cost per yard amounts to 
.0438 or .044. It is seen that a savings of $.0059 or Vz a yard was 
made possible by a small amount of additional investment. 

By a similar analyris, a cost ^ yard was determined for a shovel, truck 
and Moxer combination. The initial investment for a Diesel engined shovd 
runs about $37,0CK) and for each 5 yard dump trucic about $2000. The 
round trip time required by each truck was 12 mmutes. Approximately three 




ng. 13, aeft). Another operating view. Fig. 14. (righO. Side view of unit in action. 

minutes were required for loading, thus limiting the number of trucks to 
four. The bulldozer as stated before cost $8,700. Therefore, the total invest^ 
ment is $53,700. With a similar 3 cents per $1000 depreciation, the total 
amounts to $1,611 per hour. As determined before, the total cost of the 
bulldozer per hour will be used as $2,1432, Figuring operator costs at $1,00 
an hour for each truck operator and $1.25 for the shovel operator^ the cost 
of operators amounts to $5.25 per hour. The fuel oil for the Diesel engine 
in the shovel should be the same for the other Diesels and thus amounts 
to 5 gallons at 7 cents per gallon, or a total of 35 cents per hour. About 
30 gallons of gasoline was used by each truck in 10 hours, or 3 gallons per 
hour per truck. Figuring a cost of 16 cents per gallon, the total gas cost 
is $1.92, 

Adding these costs, the total reaches $11.2742, As determined pre^ 
viously, a Diesel lubricating oil change costs ,1044 per hour. Greasing and 
changing of oil in the trucks runs about 12 cents per hotir. Repairs on the 
shovel and trucks will average very close to 20 cents per hour. Figuring that 
each tire costs $30 each and lasts 1200 hours, then, the tire cost per hour w31 
be 40 cents. The total cost per hour then equals $12.0986, or $12.10, A 
summary of the cost follows: 


Summary of Cost 

Cost to operate bulldozen — — 

Depreciation 

Operatora 

Shovel fuel oil 

Gasoline for trucks.,..,. 

Shovel lubricating oil - 

Grease and oil changes in trucks.....* * 

Repairs........ — .1.,.., ....... 

Tires ........... ... 


$ 2J432 
Lfill 
5,25 
,35 
1.92 

^ .1044 

.12 

^ .20 

. ,40 


Since each truck carried 5 pay yards and each made 5 trips per heWt 
then the total number of yards was 100. Base on a 90 per cent operating 
efficiency as done on the other the pay wds 90 {wr 

hoTir, and it is found that the co^ |s 4§44 PH 

. The comparative figures as qpif a saving hy , 

of the tractor and scraper combinarihp and, m % in A t ywd 

by adding a>uUdozer or pusher. The efay wwl 

2:500 .|?oynds per yard and the .amount qarriei wl^ (9$ •jmh} 

was more ^ I'aAoad gondok;^c»u^ 

The com m determined in Ak p^ipsr 'are "orol lAikAlir 
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job. In other combinations of tractor, scrapers and pushers, and with dif^ 
ferent types of earth, the cost per yard varies from 3 cents to 10 cents. 

The following is an article taken from the 1941 Annual Company Report: 
“Because Tournapulls are quickly pusher loaded, haul at fast construction 
speeds and spread their own loads, they move yardage faster. 



Fig* 15« deft). TTx&it fully loaded. Fig. 16« Crlght). Close-up of unit. 


,“As an example, take a 2,000-foot haul over good construction roads. 
Here, because of their high average speeds, 2 Super C Tournapulls plus 
a pusher (total weight 98,000 pounds) will dig, haul and spreaci as much 
earth as a 2j/2 yaxd shovel plus six 5-yard trucks and a spreading 'do%er 
(totaling approximately 245,000 pounds). That’s a saving of 147,000 pounds 
of steel, vitally needed for Victory. What’s more, the Toumapull fleet re- 
quires 7 less men, cuts equipment investment almost in half and reduces cost 
per yard approximately 54 per cent.” 

In the conservation of man power, needed materials and time, a fleet 
of Tournapulls, Carry -All scrapers and bulldo 2 ;ers is a definite trend. 



Chapter II— Gasoline Engine for Racing Automobile 

By F. H. Andrews and Louis LaGreca, 

Welding Superintendent. Pdterson Boiler & Tank. Inc.. Pferson H- J- ^nd Owner. 
LaGreca Machine Co.. Paterson. H- /•. respecttvely. 



F. H. Andrews 


Subject Matter: Construction of an all- 
welded steel gasoKne engine for a racing 
automobde. The advantages claimed by 
the authors are saving in cost and weight 
compared to cast iron and elimination of 
leaky gaskets. 



Louis LaGreca 


This article deals with an all welded gasoline steel motor with oyer-head 
valves, of one-piece cylinder head and block construction, all of which were 
made from scrap steel and tubing. 

It is a 4-cylinder 212-cubic-inch displacement motor, (See accompanying 
Figs. 1 to 5 inclusive), completely fabricated with steel The only cas^gs 
used were covers for timing gears and cams. These covers could have been 
fabricated from sheet aluminum or scrap steel but we had the castings. 

The cylinders are made from 3% inch inside diameter tubing 7J4 incto 
long with a solid piece of shaft 4 inch diameter by 1 VS inches long welded 
to top of tubing, after having been machined to 7 inch radius outmde and 
5 inch radius inside for combustion chambers and also drilled and tapped 
for spark plugs. 

The pistons were of cast aluminum. 

Timing cams were welded to cold rolled steel and hard surfaced. 

The manifolds were made from short pieces of 2 inch diameter tubing 
of J/a inch wall thickness. 

The timing gears were flame cut and machined from «^ee!. 



Bg. 1. tliiil Bg. 2, Cr^tndmt hmad* Bg* (ttgbfk Crlbid^xft caul 
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Fig. 4. (left). Crankshafl in cnmkccne. Fig. 5, (right). Crllnder mounted on cronkcoae. 

The three mam bearing blocks were made from 3 x AY^-tnch. steel, flame 
cut and machined. 

Crank case was made from Vi'mch plate, balance of crank case of 
mch plate. 

Oil pan was made from lO'gauge plate. 

Cylinder block covers and sides were made of 12'gaugc, back covers of 
%8'inch and front of V 2 'fnch plate. 

Valve posts welded to cylinder head and sides. 

Main bearing braces %a'inch plate. 

Nearly all of the above mentioned motor was made from scrap steel, with 
the exception of some of the tubing All steel was bought at scrap price. 

The actual machining time on the motor approximated 150 hours and 
the welding time about 15 hours The weight of the motor equals 250 pounds 

This motor is to be used in a racing car. 

The nearest comparable approximate price for a cast motor at retail 
price would be $2300. 

Our costs below: 


Machining — 150 hours @ $5.00 per hr $ 750.00 

Welding — 15 hours @ $2.00 per hr. 30.00 

Burning — 5 hours @ $2.00 per hr. 10.00 

Parts, such as magnets, oil and water pump etc 120.00 

Spark plugs 3.00 ' 

Aluminum castings. 30.00 

Scrap Steel 5.00 

Assembly. 30.00 

Pistons, connecting rods 22.00 


$1000.00 

We believe, with some changes, this motor could be made for passenger 
cars. 

Also a number of parts could be formed. Holes punched with dies in 
productiem would eliminate the largest part of the cost as parts were cut 
by a burning torch and bent by hand. 

The original reasun for making this motor from steel was to get away 
from gaskets which are always loosening up and losing oil, also to save 
weight in the front pert of the car. 



Chapter HI — Universal Joint Drive Shafts 
By W. W. Slaght 

Chief Engineer, Cleveland Steel Products Corp.. Cleveland. Ohio. 


Subject Matter: Method of mechanically welding a yoke to each 
end of a tubular drive shaft. 


W. W. Slagfit 

Introduction — ^Arc welding of the tubing to the yoke ends to make up 
the subassembly of a universal drive line is used quite universally by 
universal joint manufacturers of this country and I believe the method for 
doing this operation is quite similar in all cases. 

The following paper, while it will deal with the machine we use for 
arc welding and the procedure followed, is not primarily for that pimpoi^ 
The real purpose is of relating a little improvement which has eliminated 
a trouble which had the earmarks of being a real headache. ^ ^ 

To lead up to the problem we were faced with, a description of the 
machine is in order, followed by a line up of the procedure of operations 
and eventually our problem and what was done about it. 

Description of Machine — ^The machine consists primarily of a bed similar 
to a lathe bed upon which is mounted two heads* One head, at one end, 
is fixed for position but, in turn, does the rotative driving. The other head 
is a traveling head and can he set to any position to care for the wide 
variation in lengths of shafts. These heads arc equipped with centers for 
carrying the shafts to be welded. 

The driving head is positively connected through a speed reduction to 
an electric driving means which can be adjusted to the proper desired revo^ 
lutions per minute. It is also equipped with a lever for starting the m^hEHism 
and a cam shutoff mechanism so that the weld will m^c just one revolution 
plus a small extra for overlap. ? ^ ^ 

Inasmuch as both ends of the tubing are to be welded to the ends at one 
time th^e are two coils of wielding wite^ one for o^^ch end. This wifaw is- 
automatically fed when m operation hy; mean# of 'two iodtvMuiil nwdburflWW 
one at each end. Each of these mechaiisias two Oiit 

for feedicxg'-the 'Wire faster and one for lowing tiw fe«d dcrttai. *TkM ddntrdi 
these motors is by means of tte 'fiuetuad«^’in cwwi* victetol 

in arc, A short arc means the wire is feeding wd wH 

control'the speed to slow it down and a wide arc mmm #I0 wte is 
too slow and the motors will control the speaJ to speed up the 

24 



SECTION 1--AUT0M0TIVE 


25 


The electnc power is supplied through the medium of two AC-DG con" 
verters running off of 220 volts, 60"cycle, 3"phase and converting to D. G. 
The D. C. volts and amperes are adjustable according to the discretion of 
the operator, to give the most suitable weld. 

Procedure — ^The procedure as explamed here will only involve the sub" 
assembly of a universal joint drive shaft. This subassembly is made up of 
a piece of tubing which is welded to its two ends or yokes. The two ends 
might be a yoke on one end and a spline shaft on the other end or yokes 
might be used on both ends Let us refer to these ends as yokes Our design 
covers both cases but the problem involved applies to either case. 

The tubing used is first cut to length. The next operation bores the 
two ends of the tubing to a close tolerance so as to match the outside diam" 
eter of the end yoke hubs so as to give a press fit of from 005 to ,011 when 
the yokes are pressed into the tube. At the same time the two ends of the 
tubing are bored out, they are also chamfered on the outside diameter with 
a 45^ chamfer. 

The yokes also have a chamfer at 45^ to match up with the chamfer 
on the tubing. These two chamfers when brought together give a 90® V 
groove into which the arc welder must lay the weld 

The two yokes are now pressed mto the tubing by means of a hydraulic 
press, provision being provided so as to give the proper length between boss 
centers of the yokes. The press fit mentioned above gives a sufficient tight" 
ness so that the entire subassembly will stay together during handhng and 
straightening on centers which is the next operation. 

This straightenmg operation is necessary so that a good alignment is 
obtained before weldmg. If this were not done, the straightening operation 
following Ae welding might impose considerable strain on the weld itself 
in order to put the entire subassembly in straight alignment 

This alignment is required due to the fact that these shafts are called 
upon to turn in excess of 4000 revolutions per minute and any misalignment 
causes undue vibration and whip. 

The next operation is the welding. Both ends are welded simultaneously. 
Other operations follow but for our purpose we need not go any further. 
The Problem — ^The problem that faced us was: '’"What could we do to 
overcome weld failure on our 2"mch diameter tubing shafts?’"’ 

A 2"mch diameter by 10"gauge seamless tubing was called upon to trans" 
mit 32,500 inch pounds’ torque* The length of w8d on a 2"inch tube is 6.28 
indies which cal^atcs 5200 pounds per inch of weld. The largcr"diamctcr 
tubing did not bother us because, for instance, on a 2y2<inch tube the length 
of weld would be 7.85 inches. This would resolve into 4140 pounds per inch 
of weld for tihe same torque required. 

On the 2"inch tube, the failure was not an epidemic but only occasional 
failure hut it did indicate th^t we were near the ragged edge and that some" 
thfcg had to be done about it* 

By inve^gatiem and experimentation, wc discervered that welds that 
were narrow and rose to a peak on the center line were invariably weaker 
turn that t^^ere fatter with very little crown and were broad, covering 
icA only the V"groove wovided for the weld but spread at least 

lihe V"0toovc* (w sketch^ erf befoie, Fig. 1, and after Fig* 2,) 
ypem cutting open welds with the high peak, it was discovered that 
iie we erf tie wda appwed oy^sJIine 'and full of gas holes while upon 
Mthof the flat vrodb the condition of the core looked good all the 
mj WWgh. 



26 


STUDIES IN ARC WELDING 


Further experimentation was made with various welding electrodes but 
the results invariably showed that any wire that would peak was not so 
good while a wire that lay on flat was good. 

The trouble could not be blamed on the electrode. A further expen^ 
mentation on the voltage and current indicated that this also contributed 
to the success or failure of the weld. 




Flj. 1, OefS. "Betofo." and Fig. 2, (right), "oftar" 'riaw# ol weld*. 

To obtain the flatter weld, it was necessary to mcrease the current re- 
quirement for welding. This was true regardless of the electrode used. The 
higher current dnven through the welding electrode gave a hotter arc and 
we feel had considerable influence in flattening out the form of the weld. 
However, the character of the electrode had some influence on the type of 
core in the weld that was produced. Even though more current was con- 
sumed and, from tins angle, the cost to the company was more to operate, 
the change was really to the advantage of the company. 

The continual occasional wdd failure kept us uneasy. We never knew 
when an epidemic might occur. The occasional failure began to make our 
customers une’asy and the feeling of mistrust in our welds was gradually 
growing. This uneasiness and mistrust was something that could not be 
measured in dollars and cents. It was a potential calamity which could 
occur. Something had to be done to rectify it. The change made in the 
form of the weld was that somethmg. 

Further than this the change-over was a distinct saving in dollars 
and cents because of the fact that if a remedy had not bcem worked out 
it would have been necessary to go to a larger tube diameter with its propor' 
tional increase in costs of tube and yokes. This increase would have amounted 
to 17 cents per shaft or on a year’s production of this siae, approximately 
$ 5 ' 000 . 

Besides this, the danger involving a weld failure cannot be overlooked. 
Traveling even at moderate speeds, a car or truck can be overturned by 
a ruptured drive shaft with subsequent possible loss of Ufe smd material 
damage. 

Too much care cannot be exercised in the consttruction and manufacture 
of universal joint drive lines. An epidemic of failure might eaafly cause 
considerable loss of Hfe as well as being co$tIy. WMds must be correct and 
a job that is to be welded must be welded correctly. 


Chapter IV — Arc Welding in Bus Construction 
By D. F. Wagner, 

Chief Engineer, Wentworth ^ Irwin, Inc., Portland, Oregon. 


Subject Matter: Welded construction of intercity busses. The 
chassis frame and side^supporting channels are welded and the 
aluminum body is riveted to the channels. The use of welding 
allowed the construction of this bus to be light in weight, (16,000 
pounds), stiff, of pleasing design and easy to fabricate. The cost 
of riveted construction would be enough more to be impractical 
for the style desired. 


The last 16 years has seen a remarkable advancement in bus body con^ 
struction for our organisation. Sixteen years ago the first body was completed 
for one of the local transit companies. Its frame construction was a mixture 
of riveted and welded members, riveting being used on gussets and other 
points of stress while welding was used for joining members and for finishing 
exterior rails for appearance. The following description gives an indication 
of how far we have advanced in the field of tody building at the present time. 

Modern bus body design is a mixture of appearance, serviceability, and long 
life. It can readily be said that all of the equipment now on the market meets 
all of these requirements. This means that the custom body builder must offer 
something more in his equipment as his sale price is usually higher than the 
regular market price because of the small quantity of units of one design prO' 
duced. 

tow net weight of a bus is a factor that the customer is interested in for 
the life of the unit as low net weight means more gas mileage, less tire wear, 
greater payload, ease of handling, and generally less wear on all chassis parts. 

Fig. 1 shows a modem design cap3:)le of outperforming busses of a like 
capacity on these points. The S3-passenger bus shown is 35 feet long, orig- 
inally designed for 37 passengers. The customer’s requirements called for 
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> n?. 2. Bub Irome* 

greater baggage space which eliminated one row of seats at the rear. The level 
roads over which the bus would be used dictated the power requirements for 
a certain gross load. The under-^floor engine would provide a governed speed 
of 60 miles per hour with a gross load of 23,000 pounds set by the operator* 
A rcady-for''the^road weight of 16,000 pounds was set by the operator after 
deducting 7,000 pounds for passengers, driver and baggage which was to 
be his maximum load. 

Our previous experience in construction of bodies of this sfee was isx the 
heavier field for much more rugged service. A unit of this srzje and capacity 
weighed IS, 800 pounds less the air conditioning equipment. The power 
requirement in tins catse was a larger engine which in turn meant a heavier 
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:hassis and body and heavier tires because of the greater gross load. Our first 
analysis of the customer's requirements based on the heavier design indicated 
a bus of the same capacity plus air conditioning would certainly weigh more 
than 16,000 pounds net weight ready for the road. By neglecting past designs 
and thinking dn terms of absolute minimum weight requirements, \ve finally 
set the weight of 16,000 pounds with air conditioning as being possible. To 
indicate how close this estimate was, the finished unit actually weighed 15,960 
pounds. 

The body consists of a high^tensile-strength steel frame with arc welded 
joints over which are riveted the aluminum panels. The body is connected to 
the diassis through outriggers welded to the chassis rails. Fig. 2 shows a front 
view of the frame paneled ready for mounting on the chassis. Fig, 3^ gives 
more detail of the framing. The posts, longitudinal sill, belt rail, window 
header and roof rails can readily he seen. The body sills rest on beams while 
under construction previous to mounting on the chassis. 

Figs. 4, 5, and 6 show the front of the chassis, the engine installation at 
the center of the chassis, and the rear of the chassis. The mounting outriggers 
are 16^gauge high^tensile^strength steel welded to the longitudinal rails with 
gussets. All replaceable castings and brackets are riveted to the frame while 
all other members are electric welded. The chassis is originally furnished*as a 
separate unit by another manufacturer ready for the mounting of the body. 

The longitudinal frame members previously mentioned are formed from 
high^tensile-^strength steel cut from sheet stock. All of these members are 
18 gauge in this design while normally 14 and Id-^gauge mild steel members 
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are used. The reduction in thickness is approximately 25 per cent as the high- 
tensile-strength steel has a tensile strengdi 25 per cent greater than that of 
mild steel. 

The reduction in thickness reduces the weight but has the disadvantage of 
increasing the flexibility of the formed sections which cannot be tolerated in 
the usual type of construction. Thfe body has the ability to transmit the load 
to the axles because it is a box member of rigid construction. An additional 
strain is set up in a unit of this design where the engine is under the floor 
between the two axles. In the particular chassis used, the frame rails were 
so light that drey deflected an inch at the center with only the weight of the 
mt^rh aniral parts. This meant that the body must be designed to carry this 
additional load m the chassis is tied to the body. 

The outriders drown in Fip. 4 amd 6 distribute the load to the body and 
arc welded to the body posts and kls. The di^onal braces along the sides 
of the body between the sill and belt rail keep the body rigid without straining 
the side pan^. > 

All frarae are eflertric wdlded to fcom a unit construction. The 

posts are m^-roned rnttobers “T* aectiba 1J4 inch^ wide and deep 
widi H'inA web#. The J?09» ««« formed to include half of the carline. 
These memiere are joined witih a ^Hce at the center of the roof by welding 
to form a continuous arch fKMm.tbe ddit line of the one side to that of the 
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Other side. The longitudinal members are notched to fit the posts before they 
are formed. These members are threaded on the posts to their proper stations 
where they are welded in place. 

Fig. 7 illustrates the sill welded to the post. Stagger welds are used on 
wide sections to reduce warpage. The outside flanges flush with the outside 
of the post are welded on the inside to make a smooth joint. The long weld 
the width of the member close to the post is a butt weld used to join the 
l O'-foot sill sections into a single rail. 

Stampings and castings are normally used by many manufacturers for 
various parts such as panels between windows, comer fillets, comer posts, 
hinges and brackets. This is impossible for the custom builder as not many 
units of one design may be built. 

Fig. 8 shows a steel panel of 20gauge steel welded in place between the 
belt and window header. This panel is cut to shape and necessary sections to 
carry the sash and curtains are spot welded to it. The complete panel is tack 
welded in place to the two rails only. These joints are then soldered to make 
a smooth finish. This method has proved very satisfactory for fitting in various 
types of sash of special design. 

The front corner posts shown assembled to the body in Fig. 2 can be seen 
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Fig. 10^ deft). Back of right front comer post Fig* (confer). Back of left front comev 
post Fig. 12m (right). Lower door hinge. 

in more detail in Figs. 9, 10, and 11. Fig. 9 shows the posts welded in place 
before the welds are ground smooth. The left corner post is assembled in the 
same manner except that the entrance door header is replaced by a window 
header. The inside of the right comer post is shown in Fig. 10 in whida 
can be seen the conduit thiough which the electric wiring is drawn. This 
conduit is also welded in place after bending. Fig. 11 shows the left comer 
post with the gussets and headers welded in place. The posts and headers are 
fabricated from pressed shapes spot welded and arc welded togetiher to form 
unit members. 

The contour of the entrance door and the slope of the comer po^ required 
a different type of hinging than the usual piano hinge. A pair of fabricated 
hinges were designed to hold the door vertical when it was open. Fig. 12 
illustrates tht design of the lower hinge in place on the comer post. The 
hinge point is several inches ahead of the back of the door post’ at this point. 
The outside cap is bolted to the door and it also covers the fabricated station'^ 
ary part of the hinge. The hinge is fabricated of H^inch steel plate formed 
to shape and electric welded. 

M any special brackets are reqxiiced in the construction of the body of this 
type to proporly wpport various typ^^ of equipment. The air oon^tioning 
engine, campreisfsor, and omdeimr ate moimt^ on the right aide of the body 
opporffe tht engine and directly undar iht rmjmi ioor between the aisle and 
tte ride wriU. light-weight bracks® are welded in place to support this equip-' 
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mcnt between the chassis frame and body sill. Many brackets are designed 
as the body construction progresses as it is impossible for the manufacturer to 
completely design all items required for the body assembly when there are 
a limited number of identical bodies to be built. 

Electric welding is a very handy tool for setting up the body frame as 
cross braces are normally used to keep the frame square during assembly. 
Angles are usually used for this purpose. A light weld holds these ties in 
place and allows them to be broken loose when they are no longer needed. 
This item alone is quite important as it is impossible at times to clamp ties in 
place. 

Many times the manufacturer of various types of equipment is not in a 
position to estimate the savings that might be anticipated from the use of his 
equipment as it is impossible to determine the exact use to which the equips 
ment will be put. Experience indicates that the type of bus described should 
have exceptional performance over a period of time. This is brought out by 
comparative performance with equipment of the same load-^carrying capacity. 
Maintaining schedules is very important and the operator’s experience shows 
that this bus is capable of operating at greater speed against adverse condi- 
tions that normally slow up other types of equipment showing that the weight 
per horsepower is very satisfactory for this operation. 

The welding time is a relatively small percentage of the total construction 
time required for the fabrication and assembly of a bus of this type. The 
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hours of labor for the construction will vary with different manufacturers 
depending upon the experience of the men and the type of tools and machines 
used. 

The total number of labor hours was 2408 with the following break-down : 
welding time 79 hours or 3.2 per cent; fabrication and forming of pressed 
and sheared parts 132 hours or 5.5 per cent; forming of posts, angle iron frame 
rails and corner angles 21 hours or 0.9 per cent; fabrication of seats 428 hours 
or 17.7 per cent; painting 165 hours or 6.8 per cent; and remainder of all 
other work 1583 hours or 65.9 per cent. 

Most of the welding time is built up a few minutes at a time as most of 
the welds are very short in length. This makes it impossible to arrive at a 
cost of various types of welds that go into this type of framework. 

The actual labor cost not including overhead can be figured 'at $1 per 
hour as an average. This sets the labor cost of welding at $79 which is only 
3.2 per cent of the total labor cost. The increase in labor cost would mount 
rapidly by the use of riveted joints. First of all, the design of the body would 
be changed for riveted joints which would put a prohibitive design cost against 
one or two bodies. Additional time would be required to fabricate the joint 
gussets. More labor would be required to drill rivet holes and then two men 
would be required to drive the rivets. An estimate of 160 hours'" additional 
time for this work would increase the manufacturer’s cost $160 for a less satis- 
factory job. The completed bus would not have the same sales appeal because 
of appearance and construction. Many of the rounded corners and joints 
would be eliminated as there is no other satisfactory means of making a proper 
connection. 



Chapter V— Welding of Armor Plate for Tank Production 


By Edward G Biederman, 

Welding Engineer, Fisher Tan\ Division, General Motors Corp., Flint, Michigan. 


Subject Matter: Riveted tanks will not stand shell fire or sh(Kk Arc welded armor 
plate can be made quicker, more satisfactorily and at lower cost One electrode, reterreci 
to in the paper as “Electrode No 2” was first used without success, later another rod, 
referred to in the paper as “Electrode No 1“, was found satisfactory to withstand 75 
millimeter shell fire. Many different angles and techniques used and illustrated. Eix^res 
were made so all welds are downhand Much difficulty from internal stress. Much re- 
search was done and 45® bevels on both sides of flat plates seem to be best 


Welding of Armour Plate for Tank Production 

The arc welding process has opened an entirely new field of manufactur- 
ing, that of welded tanks. The methods that have been developed can be used 
on every type of welded fabncation, in many cases to a big advantage on pres- 
ent work, and to a tremendous advantage on future fabricating work. 

Welded tanks are a necessity for saving human life The nvetcd tank pre- 
viously made would not stand the shell fire or shock, and this reason was 
pnnngh to bring a new and better method to the front. This country must 
have Aousan^ not hundreds of tanks The arc welding process was a logical 
choice. 

Through extensive developments, manufacturers are holding tolerances 
that have previously been asked only from the machme tool industry and are 
learning every day that if more effort is put behind welding fabrication, the 
demand for machine tools is reduced tremendously. Riveting requires many 
times the amount of machinery. Most important is that through welding we 
will be able to manufacture tanks in large volumes, not be dependent on large 
volumes of machine tools and not be dependent on inadequate foundry 
capacities. 

Welding eliminates hundreds of pounds of butt straps. This means less 
weight per horsepower and increase in performance. 

Welding process saves a large amount of machine tools due to flame cut 
edges and drilling of holes. 

Trials and Procedure Before Manufacturing Tanks 

1. We started welding operations with different ferritic welding rods. 
This ended in complete failure due to the high alloy and high hardenaltilitv 
of the armor plate, also, because we did not prAeat and postheat or anneal. 
Failure was due to excess cracking at fusion »)ne and welded metal. Under 
shock firing above plates fell apart with first shot at about — foot seconds. 

Above tests did not go mto detail of warpage or trying to hold limits for 
manufacturing due to the fact of failure of welds. 

If armor plate changes to low enough alloys and has low hardenability, 
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ferritic rods should do the work, but at this date it does not exist for manu^ 
facturmg facilities It, also, will not pass ballistics and shock test as set up 
by the U. S. Army Ordnance. 

2. Tests were made with an austenitic rod. This rod was more successful 
and sound welds were made and passed Aberdeen proving ground. 

Using the above rods caused a senes of troubles as root bead, cracking 
and excessive grinding and chipping. 

At this time alloys were hard to get and it looked as if a suitable rod would 
not be available for tank manufacture. 



Hg. 1. Shock tost pictto woldxnonL 

Welding electrode manufacturers started to develop a lower alloy rod 
which, for purposes of this discussion, will be known as ‘'Electrode No, V\ 
Extensive development was necessary for welding high alloy and high harden^ 
ability armor plate, Better results were obtained as shown in the following 
tests: 

Less cracking in fusion : 5 onc. 

Less cracking in weld metal. 

It had better ImllMcs for weld deposit 
But the deciding test is the shock test developed by Aberdeen proving 
ground. This conate of an (H) plate weldment 36 x 36 inch wedged into 
a standard and fired at by a 75 millimeter gun at 100 yards, (See Fig 1) . The 
dieU did not penetrate the wddteent but was used to give the wdd a very 
severe shocL It wm foimd out that the electrode which shall be referred to 
here as “Electrode No* 2“ wotdd not stand the same diock as “Electrode No. 
1“ would. outepme was dbat besides ^ving alloys a better rod was found 
lot- maaufacWrii^ ttnte. l^m 'here m “Elactroefe No, 1“ was used €»du- 
dvdy CKcept for Iwte with “ll«to3de No, 2“ and an actual savings of 






sivnus IS ARC n kiinsc; 



n?. 2. Un.»ucc«»«(ul lyp« ol plat** prapaialion (or lank «nanu(art«ro. Fig. 9. (rtflhi). 

SIoqIv-V typo uroM which wqr dlacontinued «xcept (or <««( purpons*. 

approximately ?3 per cent wa-s inaiie ui umi of wcUlinj' electrode, and chrome 
ntckel alloys 

Welding ’rethni'mie 

1. Present every day weldiii}' preparations were foruui l.tekiitr; in inarm 
facturing tanks. This was due to Urleninces th.it had to In* hehl in manu' 
factunng and, also, the shock te.st demamled hy (tovernment ami necessarv in 
u.se. 

2. There are very fe.w f.ihrication.s in low earlxsn steel or trthiTwiM that 
must stand in.speaum shuck test of a millimeter shell or he held to such 
close tolerances in huikliiig. This meant a new development of plate etige 
preparation to keep warping to a minimum 

All plate edge preparation is with the flame cutting mcthrKl. This mean* 
flame cutting must be held at much chwer tolerance,*. No edge for welding 
should be done otherwise because of the saving* po.saiblc. If edge* ate m.a 
chined it means tying up machine ttwls, lalxir and take.* a lot more plant sp.ice. 
It is almost impos.*ihle to estimate this savings in dolhars and cent,* l'>ecauHe of 
the release of machine tools for other necessary work. It is tremendou*. It 
has now been proven that a flame cut edge can W held within limits for t.ink 
building, 

3. ilie single V-IT", 20®, 30° or 40® has been in use as a standard plate 
edge preparation for normal welding fabrication. This preparation ha* not 
been successful for welded tank manufacturing. (See Fig. 2), 

4. This weldment was very unsatisfactory. Despite use of extensive fix- 
tures made to hold welded parts, warpage from shrinkage could not be con- 
trolled. After trying 20°, 30° and 45“ single (V) was discontinued except 
for test purposes, (See Fig, 3). 
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OWiMllJMr root bMuL 


SECTION I— AUTOMOTIVE 


39 


Reason for above failures of (V) edge preparation. Tanks must be fabric 
cated by welding and hold tolerances of % 4 -inch at places where parts bolt to 
tank such as front end drive, suspension wheel, idler bracket, turret nng and 
a lot of other assemblies. 

Close dimensions like these have never been held before on a fabricated 
part. They were always welded and then machined. If it was possible to 
machine different areas of the tank the machines are not available. That is 
why we must weld and hold tolerances just the same as machine parts The 
double (V) was then adopted, (See Fig 4). It must be understood that a 
double (V) takes double the edge preparation that a single (V) takes, but 
It was found to be the answer for weld strength and the only possible way to 
hold tolerances through out tank manufacturing on a production basis minus 
machine tools. The double (V) has been used before but never had to be 
held for tolerances such as tank production Certain bead technique had to 
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be used to control warp age, and shrinkage as illustrated after root bead is 
welded part shrinks and that is when plates warp, (See Fig 5) . Welded part 
must then be turned over and weld from, opposite side. This procedure must 
be followed to equalise stresses. When welded technique is used to equali 2 ;e 
stresses it is then possible to hold dimensions without stress relieving and ma^ 
chining 

Development of the root bead was very important as the root ot the weld 
is the foundation of a good weld. 

First root beads were welded with a 45® included angle and an opening. 
This IS a very impracticable procedure as the weld ipietal runs through and 
the back side must be chiseled out or ground. Chiseling is very bad on stain- 
less steel as the metal is austenitic and work hardens and the chisel just 
pounds against a solid formation. This meant grinding all root beads as Fig. 6 
This procedure meant 30 minutes of weldmg and 180 minutes of grinding. 
We then discontinued the procedure because it did not lend itself to manu- 
facture tanks. 

The next experiment of weldmg a root bead was with a copper backing. 
Two plates were set up with a 45® included angle and an opemng. A cop-' 
per bar was then mserted in the under (V) and had about i^^h clearance 
on each side, (See Fig 7) . It was then welded in down hand position from 
the top side, (See Fig. 8) . 





fig, Z4, (top kH)- welded from one idde. Bg. IS, fymm km 

wold wifli diiB^ fig. X8, (top light). CSotiglng Up on aoetgkog Eg, If, Im 

km Chipped to dkonond shopow Fig. 18. Cbottow leH). 

18t Chottmn righO. Doohle 25** Induded on^l# wiii opp^dngv 
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After root bead was welded, copper was taken out and the root bead was 
inspected from both sides. Fig. 9 was top side and Fig. 10 was side where 
copper received weld metal. If you look closely at Figs. 9 and 10 you will 
notice that no grinding or chipping is necessary, also where copper received 
weld metal there was a concave, which is an ideal condition for receiving 
other weld beads, (See Fig. 11). 

After this test of welding a root bead we felt as if this would lend itself 
to production,, the reasons are as follows: 

The weld was made and there were not any voids, which make for an 
unsound weld, and also, weld was in condition for receiving other bead by 
just removing the slag. 



n?. 20. Test of 50** Included ongle with copper back-up. 

The next test of a root bead was made with a mild steel strip between a 
double 2J° angle with an opening, (Sec Fig. 12). This method eliminated 
weld metal coming through but left voids of openings between strip and weld*- 
ment. This naturally was not good enough because it did not have complete 
penetration, (See Fig. 13). 

It was then decided to weld strip from one side, (See Fig. 14), and chip 
it out so a sound weld could be made, (See Fig. 15), but this procedure was 
eliminated because it was almost impossible to chip strip out of comers or 
around bulkheads in the tank. It was then thought to use a gouging tip on an 
acetylene torch gouging the strip out was better than chipping but this was 
difficult to maneuver around corners of the tank and it left a certain amount 
of carbon deposit that was a detriment to the weld. This was eliminated as 
not being good for production and quahty weld. Fig. 16 shows flame-gouged 
strip. 

We then developed a stainless steel strip diamond shaped or oval that 
would not have to be chipped or flame gouged, (See Fig. 17). This was suc^ 
cessful as it would lend itself to production ana would also be good weld 
as complete penetration was possible, fSee Fig. 18). With the copper back 
up and tihe diamond or oval strip we felt that here were two methods of pro' 
dudng a good weld with complete penetration for manufacturing tanks. 

Now it was time to develop the proper bevels for welding. You must keep 
in mind always that the heavier the plate the more welding rod is used. 

It was decided that a double 25^ included angle with an opening would 
be tried as it would not use exce^ weld metal, (See Fig, 19). A copper back 
up was used on tibm plates. After a few of these test (H) plates were fired 
It did not look as if Our welds were good mougk It was thm decided to try 
an (H) plate welded' with ‘^Elotrode No. 2"’ but, this plate failed quicker 
than the ’’^iSectfode No. T' did under Aodk. 

M€»t all the brei|a|p was what is omimanly known as a fusion mm 
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FI?. 21* (bottom lelt). FIrot In series ol welded test plates. Fig. 22* (top lelt). Seocmd test 
platen Fig. 23, (top light}. Third test plate. Fig. 24* {bottom right). Fourth lest picde. 


break. At this time we did not really know what a fusion 2pne break con.'' 
cemed. 

We then deaded to make other tests using ''Electrode No. T’ and with a 
50° included angle with an opening, (See Fig. 20), with copper back up. 
After making a series of (H) welded plates this way we found mat the fusion 
rone cracks were almost entirely ehmmated. The welding, understand, was 
done with the same welder and uring a weave technique. That told us that 
the bevel used was very important Keeping in mind that we were welding 
a high-alloy armor plate with a high hardenability. 

We then decided to m^e a series of (H) weld^ tot plates with different 
plate edge preparation. We felt that if the tot plates railed $o would the 
tanks fail. 

The first plate was prepared with 25^ included bevels as rfwwn in Fig. 21. 
The second plate was prepared with a 4J ® included bevel as shown In Kg. 22. 
The third plate was prepared with a top and bottom bevel of 9^^ inaudwj 
angle as in Fig. 23. The fourth plate was prepared wiA a tw and b^m 
bevel of 104*" included angle as in Fig. 24. All (B) pfote wildn«l| wm 
welded with the same rod the same welder and all h^ a oopp^ litf 

such as the figures diow. 
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After these plates were shock^'fired, we knew that the bevel played a very 
important part in welding and manufacturing tanks. It showed that a lot of 
fusion 2;one cracks were because the bevel was too straight and the hard 2;one 
right at the fusion point would let go because it was almost in line with the 
Ime of shock. By keeping the hard 2one from almost a direct line of fire we 
achieved very good results 

These tests proved to us that no bevel should be less than 4-S^ and that 
if at all possible we should avoid bevels on one side and straight on the other 
side Welds will generally break through on straight side because hard sjone is 
m line with shock, (See Fig 25). All tests were made with same welder and 
same manufacturers’ “Electrode No. 1”. After these tests we knew which 
plate edge preparation was best. 



Fig* 25, (l4»iEt). Hoordenek ion# In line with shock. Fig. 26. (right). 45^ included boTol with 

opoidng. 

The next step was to prove what armor plate was the best for weldmg. 
Four types were agreed on. After receivmg 16 plates, four from each source, 
wc prepared them all the same 45® included bevel with a root opening, (See 
Fig. 26). All 16 plates were welded with the same welder, same “Electrode 
No. 1” and the same technique. 

After this test we were able to determine the most weldable armor plate, 
and it also helps the armor plate manufacturer to make better plates for 
welding. 

Wc then decided it was time to find out which rod was the best for weld- 
ing armor plate. 

Again wc took 16 plates but all from one source and decided to weld 
them as follows: Rod manufacture “A”, 4 plates. Rod “B” 4 plates. Rod “C” 
4 plates, Rod “D'" 4 plates. After these tests were completed we then knew 
which “Electrode No. 1” rod was the best. Also when we had this evidence 
the rod manufacturers changed their coatings and all are good rods now. 

(Considering the cost of such welding, estimated savings from less rejects 
can be estimated onty, but more than justify any cost of extensive experiments. 
A few more miks from each tank in actual use may mean actual winning a 
crudal battle. 

Aftor having the experience and the data from previous tests, we started 
builctog fixtures and manufacturing tanks. As previously mentioned the one 
big proHem was warpage and trying to control wme. 

All the fixtures were cks^ned so that aU welds cxiuld be made down hand. 
Ate, that fixture would ro^te and always make it possible to wdd from both 
sides. Ite is necessary on accomt of equalling stresses. Fig. 27 shows a 
typkal fixture* 

Ttim tSKril: vsto weHed on a 'surface plate and it was difficult to cquaBxe 
w^Wic^ frmfi Wa immediacy fomd by neglecting cquaHdng 

^dsuiiqw me wwe wy Ited to control Also, we had welds that 



44 


STUDIES IN ARC WELDING 


sheared apart due to stresses from welding more on one side than the other. 
From the above trouble it was found that we must equaline the shrmkage 
stresses on all of our welds. It was then found that our dimensions were easy 
to hold and we did not encounter any more weld cracking or shearing from 
waipage or stress from welding. All fixtures are made so that each part is a 
sub-assembly, then checked 0 K , so it can be set up in the next fixture easily 
and quickly. 

Welding technique to equalise stresses is the biggest factor of welding 
tanks after quality is determined. It means you can make sub'assemblies up 
before hand and know they will fit mto the following fixture and assembly 
quickly. Also, when the tank is completely welded, it will stay in good con' 
dition longer. If you do not equalize the welding, undue strain at some point 
that IS already stramed to its maximum will fail The weld break or twist to 
favor the stress If the sub-assembly methods are used it will be possible to 
build many more tanks due to the fact parts can be welded any place and final 
assembly only involve a few fixtures instead of having all final assembly fix- 
tures. This IS a very vital necessity m time saving, fixtures, floor space and 
machine tools 



Another Vital Saving Is Made in Labor — ^Labor savings can be accom- 
plished as the smaller fixtures can be worked from the floor. The men must 
climb mto the larger fixtures, so, in using more small fixtures and less large 
fixtures, your welders will be able to weld more inches per hour. This is 
important as welders will be scarce and estimated saving in this layout can 
be tremendous. 

The main objective is to produce tanks and armored vehicles in the least 
time possible and have equipment superior to any that will be met in combat 
To accomplish this, the foregoing was worked out and recounted in this article 
for one purpose — ^TO WIN— and the following reasons to accomplish this: 

To produce quicker. 

To produce faster after starting productira. 

To produce for less money. 

The real savings can only be determined on the value placed on our win- 
ning the final- decision 


Chapter VI — Small Truck for Loading Freight Cars 
By Elverton W. Weaver, 

Consulting Design Engineer, Towmotor Co., Cleveland, Ohio. 



Subject Matter: The truck was made 3 5 inches v^de in order to 
clear 3 "foot doors and with welded lifting arms provided bn th^ 
front end. The capacity of the arms is 3000 pounds and they can 
store merchandise to a height of 15 feet. The truck is only 40 
inches long and has a radius of 70 inches. The cost of welded 
construction is 36 per cent less than riveted construction and on^ 
man can unload 150 tons of wood pulp per day from a freight 
car. i 


Elverton W. Weaver 


In a recent issue of the United States News there appears an advertisement 
by the Santa Fe Railroad Company urging as a patriotic duty the conservation 
of railroad car operating time. Quoting from this ad, ‘"Every 1 per cent in" 
crease in freight car utilisjation gains 19,552 cars for war transportation.'’ 
Further along appears this statement, “Last year, with your help America's 
Railways increased the productivity of their existing freight cars by 23.7 per 
cent over 1940 . . . through increased eflSciency on the part of railroads, 
shippers and receivers of freight.” 

A considerable factor in these savings has been the use of mechanical load- 
handling equipment. The purpose of this paper is to discuss the main design 
problem in the development of a machine for this purpose and its clean-cut 
solution, made possible by the electric arc welding process. 

This machine, shown in Fig, 1, was brought out late in 1940 to meet the 
need for a smaller and more flexible unit. By its use, the loading and unload^ 
ing of a car becomes a matter of minutes instead of hours. It has the ability 
to pick up and transport loads with speed and dispatch, threading its way 
along narrow aisleways- It will raise and deposit its load at any desired height 
up to 11 f€«t. In fact, it is a speedy, traveling elevator. 

Figs. 2 and 3 are photographs of the machine in action. That compactness 
is a prime essential in the design of a machine for this work is shown by Fig. 4, 
a diagram of its operation within the car. 

Machines of this general type are not new. In fact, the railroads pioneered 
in seeking an answer to quicker loading and unloading of cars. Quite an 
industry was buflt up to help them in the solution of this problem. The 
early trucks were all electric'^storage^battery powered. This source of power 
in itself imposed definite limitations. The low platform lift did not permit 
of tieadng loads and the constructiem was crude and bulky. 

'Im c^mpaiiy jeftlweli truck field with ‘the machine 

shown, in. Kg... f*. TiUi. Was 'a fuadsWentaBy new combination of elements, 
each of, whiw had. been provtm fia,othar applications. These were: a, Gaso** 
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Fig. 1. The subfect of study. 

line engine power, b, Driving wheels at the front end, steering at the rear, 
c, Hydraulic means for lift and control of load, d, Central seating for the 
Aiver, giving him full vision, comfort and safety; and e, An electric welded 
frame structure. 

That this is now practically standard construction for industrial trucks 
of this type speaks well for the vision of the head of the company and 
designer of the truck. This machine, as originally designed, was for 4000- 
pound load capacity at 24''inch load center. It was 40 inches wide, with 
56‘'inch wheel base, and had an overall length, less load, of 93 inches. Its 
overall height was 84 inches, and it could lift its load 52 inches. It had an 
outside turning radius of 96 inches. 

The marked savings effected in material handling where this machine 
was put into use brought a constantly increasing business to the company all 
through the depression years. Electric arc welding made possible the practice 
of “tailor making'’ each machine to fit the needs of the customer. Masts 


Fig. 2, (lelO. loading tnuSc in ) 
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were made of special heights to give any desired lift Wheel base and other 
factors were modified so that constantly increasing capacity was obtained. 
Today, the machine is being built with wheel base up to 72 Inches and 
capacity rating up to 10,000 pounds at 25'inch load center. See Pig. 6 for 
present examine of this model. 

Surly in 1940, the writer was given the task of the design of a smaller 
capacity machine. In addition to the five fundamraitals (“a” to “e” outlined 
above) tentative general specifications were laid down as follows: f. Maxi' 
mum cep^dty — three thousand Munds at fifteen inch bad center: g. Most 
compact design poasiWe and with minimum turning radius; h, FuU accessi' 
bility to eveary sexvioe part; and i, Standardixed aonspwtbn to permit of 
mass production t»chnique» The Easd spedficatiqns owrked put to be: width, 
if'iami wlieej btIO, 404nch; overall length wifthcmt teW, 70-inch; outside 
turning radlm, ^'inch, Proviskm -was made for mast hdghta to give lifts 
of 7, 9 and 11 feet. The most pwihtf he^t proved to be the one that will 
nicely pass thrdt^ a sNsvW'foot ebpf and Hft to a height of nine feet. 

Nc* mwh need fee said in r^jard to the general design of the truck, 
except that thpopghont .the dts%n efectaic arc wedding has consistently been 
uwsd—ioaast, camiag^ tanks* cowh etr* aH being of welded construction. The 





Fig. 5, (left). 1933 model. Fig. 6. (right). Widely used type loading truck. 

tinusual frame, made possible only by the arc welding process, is the 

particular reason for this paper. i . r 

Construction of the older model at the drive axle is shown by the 
separate photographs, Fig. 7 and Fig. 8. The wide flanges close to the wheels 
will be noted on Fig. 7 of the axle, and the mating flanges on the frame are 
clearly shown on the left hand side of Fig. 8. The tubular bar just above 
at this point on the frame is for the mast hinge. 

In the design of the smaller model, it was desired to lower the driver’s 
seat, thus giving easier access to the driver’s position. This necessitated 
lowering the engine so that the crankshaft centerline was on a level with 
the top of the frame and the flywheel and its housing must lay between the 
two side members. 

The important functions of the frame are as follows. First, it must carry 
the mMt with its load. Second, it serves as the platform on which all the 
machinery, power plant, etc. is mounted. It also provides space for the 
operator. Third, attached to the frame on the under side are the springs, 
axles, wheels and other supporting elements. Fourth, the frame should 
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Fig. 7. PriTw ccd«. 
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Fig 8* Springs monnlsd In frcons* 

conform to the general design of the machine as a whole in a manner to 
easily promote an attractive exterior. 

With the machine width established at 35 inches to permit traveling 
through a three-'foot passageway, the problem is one of apportioning the 
available space so as to provide for the functional demands. It is, of course, 
axiomatic that the design must be not only functionally sound but practical 
to produce. For production reasons, the frame side members should be 
kept parallel. Tlie distance they must be separated is such as to contain 
the flywheel housing and related accessories. Nineteen inches was the 
width determined. The next factor to receive consideration was tires. 
For the expected load, a need for 10 inches is quickly and definitely settled 
by reference to manufactoem"^^ rating table. 

The mounting of the mast provides for its backward and forward tilt 
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Fig. II. Frcone coostruction irom undersidd. 

in order to properly handle the load. This tilting movement is by means of 
hydraulic operated cylinders attached to the frame. These actuate the mast 
through side arms located between the frame and the wheel. Structural 
requirements for these arms and clearance spacc'require 1% inches on each 
side or a total of SVj inches. There novf remams from the original 35 inches 
only two and a half inches in which to provide for two rugged side members, 
and proper attachment of the frame to ^e axle structure. 

Tlae problem was further complicated by the keen desire for short 
ovendl lengtii of the machine. ®or efident counterbalancing of the load, it 
is necessary to Iocat0'&e'airriag^’a8''<;%itfd 'to the wheels as practical. The 
inast must bo foditedlbetWeen and hinged either on the frame 

or' tin ’the «d6.* -ITiOrC; are, ^^erefoitr three elements clamoring for space 
at tine' same bdht: a. axle lot cross beam and gear housing space; b, 
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the frame for a rugged cross member; and c, the mast for a suitable hinge. 

The design, as it eventually worked out is shown in Fig 9 Fig. 10 is a 
photograph of the frame, showing its front and side at this point Fig 1 1 
IS a photograph showing the construction from the under side Fig. 12 depicts, 
in perspective, tke factors for whicli provision must be iMcie aM the pro" 
gressive build-up toward tbe sturdy, rugged unit that the frame becomes as 
the detail parts are electncally arc welded together, 

Refernng to Fig 12, at the upper left hand corner is shown the gear 
tram, the shafts of which must be journalled with precise and perma^nt 
accuracy Below in Fig. 12, is shown the typical automotive bevel gear di^r^ 
ential earner, adjacent to which is shown a housing setup that might (but 



Fig. 12. Perspectlv® drerwijag ol Importomt lacto*». 


does not) serve as a separate axle structure. At the right in Fig* 12, is 
shown, in related position, the frame elements. Basically, the frame consists 
of four pieces. The twQ longitudinal members — ^A^l and A''2— -are made 
from common SxSx^^unch structural angle. Note how the flange sections 
are cut to form clearance space for the wheels. The keyhole shape in the 
top flange is for the hydraulic tilt cylinder. The holes at the extreme left are 
bored to fit the turn pilots on the end of the axle housing B. As the distance 
between the shoulders on this cast steel housing and the length of the rear 
cross member — ^G, are both ninetem inches, the setup of the frame for 
welding is extremely simple. Inserting the housing pilots in the bored 
holes — making sure that the finished face of the housing is in proper angular 
relationship with the top line of the frame — ^locating tjie three%ch thick 
rectangular block C at the rear in its proper position'-— clamping the parts 
together, the job is ready for welding. Fig. 9 shows the weld beads both 
inside and outside of the angle web, as the parts are Joined at this point 
The alignment of the wheel carriers (D-*! and I>4) with the houmng (B) 
is by means of a combination alignment and clamping bar, whiWb fits the 
accurately roimed holes in the above parts. Before wdlding, the carrier# 
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axe properly positioned relative to each other by inserting the mast hinge 
bar (E) , All three are now brought into proper relative position to the top 
of the frame, tightly clamped and welded. This second stage of the welding 
process must be performed with care, as on its relative accuracy depends the 
quietness and life of bearings and gears. 

Considerable credit must be given to welding engineers for encouraging 
us to proceed along these lines and in helping us to make it a success The 
balance of the welding job on the frame is quite conventional and requires 
no comment 

While we feel that the factor of production costs is of minor significance 
as compared with performance charactenstics of the machme, cost records 
show an appreciable saving The table given below deals only with those 
factors directly involved and does not show total costs 


Old Design 

Axle structure $ 57 20 

Bevel gear housing unit 59 25 

Frame structure 22 58 

♦Welding on Frame @ 14 3^ per ft. 2 46 

Assembly Details — ^bolts, etc 1 60 


New Design 
$4612 
40 60 
3.13 
1.19 
00000 


$143.09 $91 04 

Or a saving of 36.4%' 

♦The average cost of depositing a single pass !4 inch or %« inch fillet weld 
bead is 14 3 cents per foot on this sort of work, in our plant at this time. 

It IS, therefore, apparent that on the 329 machmes produced in the eighteen 
months since the introduction of this model, there has been a saving of 
$17,124.45 to the manufacturer. With increased production to meet growing 
demand, this saving will be augmented. 

A more important factor is the saving to the users of the machines. 
To quote a few specific examples: 

1 — “One man with this machine regularly unloads 150 to 175 tons 
of wood pulp from freight cars to storage per eight hour day, m place of 
5 to 15 hand truckers ’’ 

2 — “Manufacturer of concrete blocks, with a single machine, holds to a 
production schedule of 600 blocks per hour, carrying 72 blocks (1872 
pounds) from machine to kilns — kilns to yard — and returns the empty racks 
to the block machine. This job cycle, covering 300 to 350 feet, averages 
seven minutes and twenty seconds.” 

3 — ^“The ability to store in an accessible manner material to a height 
of 15 feet removed the necessity for the construction of another storage 
warehouse, the projected cost of which was $120,000 ” 

War effort is largely a matter of moving material. That effort is now 
absorbing our entire output. The government is putting up a new plant to 
greatly increase our production How to compute the dollar value now or 
to estimate its future sphere in peace time is beyond my power. Suffice to 
say, the process of electric arc welding has here shown — as in so many other 
cases — value beyond measure. 



Chapter VII — Streamlined Fire Ttuck 
By James W. Fitch, 

Automotive Engineer, Kenworth Motor Truc\ Corp., Seattle, Wash. 



Subject Matter: Design and construction of a streamlined fire 
truck of welded steel to accommodate equivalent equipment in a 
28'‘foot length that formerly required a truck 62 feet long. All 
parts are enclosed to minimize hazards of city traffic and room for 
7 men is provided in the cab. The required light weight, strength 
and stiffness were accomplished by welded construction. Other 
methods of construction would be more expensive and impractical. 


James W. Fitch 


The long, undulating, weird sound of the siren puts everyone on the alert 
these days. From childhood to manhood, man has learned to recogni^te this 
danger signal. When a child, the siren sound may have brought delight, 
because it was a chance to see the old steam, horse-drawn fire engine come 
thundering down the street. Today, this same siren sound still causes much 
excitement. But instead of seeing the horse drawn fire engine of years ago, 
the spectator now sees a streamlined engine that is a far cry from the steamer 
of old. 

This trend in modem design has been caused by many things, chief among 
which is the growth of our cities. As the population increased and more 
people migrated to the cities, a congested condition was soon evident. This 
was augmented by the improvements in motor transportation. With the 
mass production cycle in the automobile, truck and bus, the congestion in city 
streets became worse and worse. Many fires were out of control before fire 
apparatus could arrive because of traffic conditions. It has often been said 
that any fire could be put out with a bucket full of water if put on soon 
enough. 

Many foresighted fire chiefs recogni 2 ;ed the danger involved by trying to 
fight fires with apparatus that was no longer suitable for the job. 

This resulted in the design of modem streamlined apparatus that could 
be rushed through congested areas in a minimum of time. 

Change in the design of fire apparatus was not easy. Like many other 
worthwhile improvements, this new design had to prove itself. Many were 
reluctant to try/ because of the increased cost of modem apparatus. 

The idea of modern fire apparatus, (See Fig. 1), would probably have 
‘died in the bud’’, so to speak if it were not for the men who dared to occii 
n new enterprise. In this particular case, it was a matter of applying welding 
:o the manufacture of fire apparatus. ' 

The changing of a basic design in the modemiajed vehicle inAn^ary il 
isudly a costly one. When this change is made on an item not be 

produced in quantity lots, then the cost almost prohibits the 'mitifiufftifefciitts 
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of this item. So it was with us. Our first estimates included pattern cost, 
castings, layout for riveting and bolting and the costs were extremely high. 
It was doubtful whether we could make a piece of apparatus for a reasonable 
price. It was necessary, then, to attempt a new kind of construction that 
eliminated many of our overhead costs. 

Second, it was necessary to reduce the si2;e of the apparatus into a closed 
compact unit, (See Fig. 2). This also indicated welded construction. 



Fig, U The lent word to modem etiicient fiire-figlitiiig equipment 


This particular type of truck was to be known as a triple combination 
dty'service truck, which we will hereafter refer as to a ''T.C.C.S.T.'” The 
truck was to do the work that was formerly done by a truck and trailer 
that was approximately twice as long. It "v^as not only asked to replace this 
tractor-truck but it was to do so with better performance and maneuver^ 
ability. The overall length was to be cut from approximately 62 feet to 28 
feet. The new apparatus was to house a crew of seven men in the cab whereas 
the old apparatus provided room Tor only three men in the cab. The re- 
mainder were required to find a place wherever possible. Provisions had to 
be made to enclose all equipment from weather and dirt, . 

In order to arrive at a satisfactory design in modem fire apparatus, it was 
necessary for us to use a pancake engine. This gave us a very compact frame 
construction, and also gave a more compact unit as well as a low center 
of gravity. 

Considering the various points outlined, a welded design was attempted 
and was based on the following assumptions of what welding would do: 

1, Save pattern costs; 2, Give a more flexible design; 3, Allow streamlining 
body appearance; 4, Enable us to speed the delivery date of the vehicle; 
5, Save weight which would mean better perfomance; and 6, Provide for a 
safer, unit ;■ . i. 

With these points in mind, the preliminary drawings were made. In some 
places wdiding was not practical and amyentloimh.piuctioes were followed. 
This was csjpedally true where parts were required to be removable or were 
b^t how^'^fri ,inany of the' component parts were 

^ : ^ i|4it setond may be the deciding factor 

In a iffe. ' Itm tibe miMm M iWsinredous time that has oromoted the 
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design of this vehicle The clear visibility from inside the cab gives the 
driver a commandmg view of the road at all times. Plexiglass windows are 
used over mam windshields The apparatus is, thus, able to respond to an 
alarm with the maximum of safety, especially where the traffic is congested 
and the streets narrow. 

By welding the body and chassis together, a mono^unit type of con^ 
struction is accomplished 

Without this type of construction, the chassis frame would have to be 
increased in weight approximately 50 percent 

Although no accurate analyses have ever been made because of mdeter^ 
minate stress distribution in the body, experience has given us a fair indica^ 
tion of this stress distribution Any critical stress in the frame that may 
cause a part to reach the elastic limit is transferred to the body. The body 
acts as a large tube which is able to absorb the stress without harm. This 
welded type of construction also assures us of a torsional resistant structure 
for the same reason. Because of this rigidity, the wear and tear on such 
parts as radiator, engine, engine supports, brackets, tanks and equipment is 
reduced to a minimum. 

The total cost of this type truck exceeds the cost of the conventional 
truck, but the advantages of the modern truck more than make up for the 
pnce differential. It is the opinion of many fire chiefs that the trend in fire 
apparatus is truly to this type of equipment This belief is substantiated by 
fire equipment that is now being produced. We feel that we have contributed 
a fair portion to this development. 

Superiority of Streamlined Truck — ^The Kenworth streamlmed ‘"T.C, 
C S.T.” provides a new high in fireffighting equipment efficiency. It also 
provides better protection for the fire-fighting crew. 

The streamlmed body is compact with no protruding parts. It is possible 
to operate the truck without fear of hanging up on a pump nozzle or ladder 
hook. The clean, smooth welded surface of the body provides the utmost 
safety against cuts and bruises that may result from operating a conventional 
unit. 

All equipment is enclosed and arranged in accordance to its use. Each 
compartment is provided with a quick-opening handle, which automatically 
turns on a light mside of the compartment. All compartments are labeled so 
that equipment can be easily located. All equipment can be kept well 
arranged, clean and in good operating condition. 

Cab forward offers best visiblity m all directions and is especially signifi- 
cant when making a turn. In the cab-forward truck, the dnver can execute 
the turn without having half of his truck out in the middle of the street as is 
the case with the conventional truck. 

Large safety glass windows all around mve ample visibility in all direc- 
tions. Plexiglass observation wmdows directly over the windshield give ample 
overhead visibility when approaching a fire. 

The forward compartment provides storage for hose that can be drawn 
iFrom «tther the nght or left hand side of the track. This adds veimrility 
and efficiency in fire fighting. 

The pump compartment contains a separate panel properly illuminated 
for all gauges and other instruments used in operating the pump. All controls 
are effectively located for efficient operation. Rear suctions are pfovided 
for operation on narrow streets or wharves. 

Motor pump, water and fuel tanks are mounted amidship, and at t low 
height above the ground. This effects a low center of gravity^ as well as a 
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better balanced truck, and makes possible maximum stability and best riding 
qualities under all conditions. This fire truck can be operated without fear 
of overturning, because of top'heaviness. Even weight balance assures 
greater safety in making turns on slippery roads, because of the increased 
traction on the turning wheels. 

The Kenworth streamlined truck makes possible a shorter wheelbase 
(approximately 5 feet shorter than conventional models). This assures 
greater maneuverability heretofore impossible with the large, bulky, long- 
wheelbase fire truck. The Kenworth fire truck eliminates possible accidents 
from running over curbs or traffic buttons. It makes possible greater safety 
at faster speeds, through congested trafiBic. The Kenworth fire truck has 
approximately 9 feet shorter turning radius than other conventional fire 
trucks of the same capacity. 

This fire truck is monocoque-constructed, that is, the frame is made 
integral with the body. This assures the lightest weight with the most 
strength. The light weight assures better performance at lower cost. 



Fig. U. view cliowlng owmt 400 f®#t of laddw*. 

Cost Data — ^Welding — ^The welding cost is broken down into two parts 

as follows: 

1. Chasas: The all welded parts of the chassis are as follows; 

2 JFront spring brackets 1 Air tank banger 

Gussctt 2 Compressor hangers 

Steering gear bracket 3 Pump controls 

Auxiliary tube support 2 Front engine cross-members 

Front shackle bracket 2 Rear engine brackets 

Rear spring bracket Exhaust pipe 

Boost tank Frame 

Miscellaneous brackets Out rigger 

suction pipe w , , 

The main parts' of th^ diasais are al^own m Photos^ Figs, i, 4 and 5. 

This amounts to approximately 112 feet of J4rinch fillet welds. 
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2, The welded parts of the body are 

Body structure and skin — 

Compartments 

Ladder racks j 

Miscellaneous welding 


1500 inches 
500 inches 
500 inches 
500 inches 


3000 inches 

Approximately 250 feet of I/^-inch weld 

This amounts to a total of 362 feet of 14 "inch and ]4"mch welds 


Welding Costs 

Welding crew 

Fitter $1 per hour 

Welder 1 per hour 


$2 00 

Total Welding cost: 

Time required at 5 feet per hour average 72 4 hours 
Layout time 40.0 hours 


112.4 hours 
at $ 2 00 per hour 


$224 80 

Cost of material | 12.00 

at .06 per pound — 200 pounds j 


$236.80 


Plus 25% overhead 59.20 


$296.00 

Pattern. Weight 

L Cost Data — Other Construction Cost pounds 

Front spring bracket right and left. $ 25.00 20 

Steering gear bracket 15.00 15 

Auxiliary tube support, including brackets — 25.00 30 

Front shackle bracket 25.00 50 

Front engine cross member... 35.00 30 

Rear engine brackets. 40.00 40 

Rear sprmg brackets and cross member 35.00 40 

Rear suction fitting 50.00 40 

Air tank hangers- — 20.00 20 

Pump controls - — - 40 00 25 

Compressor hanger - 25.00 20 


$335.00 330 

(The above costs based on similar parts pi^oudy cast,) 

2. The additional machining required on casings k iimmuy a jprindfng 

operation or, in some cases, a shaper opcratbit. Beattiie plate is 
used m the welded parts. These operations are seldom TMi 

amounts to four hours, based on actual experieme^* 

3. Additional cost of material, (estimated weighti), ciidtop mm 

ordered in quantities the cost average is 12 cents per pmjti4 Th# SiHoM 
cost amounts to $39.60. 



SECTION I— AUTOMOTIVE 


59 



Fig. (lelt). Frame ports at front end clamped for welding. Fig. 4, (right). Welded brackets 

at rear of frame. 


4. Assembly Crew: 

Bucker 

2 Helpers @ 


Time required 

.$ 1.00 

1.60 


$2.60 


Chassis 24 hours 
Body 48 hours 

72 hours 


Cost Estimate by other means of Fabrication 


Pattern cost $335.00 Eliminating Pattern Cost 

Material cost 39.60 =$267.25 

Labor - 187.20 Plus amorti2;a' 

tion of patterns 

561.80 for 10 trucks = 33.50 per truck 


Plus 25% overhead-.- 140.45 

$300.75 ■ 

$602.25 


Comparison of Fabrication costs 


Non-welding fabrication - — $602.25 

Welding fafocation — - — 296.00 


Gross saving by welded construction— $306.25 


With overhead applied 
to carrying stock pat- 
tern, etc. The cost 
would be approx, the 
same for both types of 
fabrication. 


This is 49 percent of the non-weld construction. 

In addition to this, the cost of additional support and braces would 
have to be figured. The castings riveted or bolted to the structure would 
not suffice because of the rigidity required in the frame. This is particularly 
true on the front part of the frame, (Sec photo, Fig. 3). Here the welded 
construction ties in the frame rails, radiator supports, front spring drive 
brackets, steering gear bracket, au x ili ar y tube supports, and also acts as a 
body outmger. 

It is difficult to determine how this particular assignment can be accom- 
plished hj any other means of constructian. Therefore, no monetary estimate 
can be Thus imrticulair advantage fe- carried put. in' many:' ;^ces, ht' 

cause oWy to' tlds way a compact be 

Widro a wheel base of 220 toehes m nyerril erf approximately 

28 this have to be 

by hyo' combtoed whed base 

Wwdifag hbl' but also makes 
posrfbto the^fM^ts pf bstodpffy^dy* 


60 


STUDIES IN ARC WELDING 


The following examples give a general cross section of the various parts 
used on this particular model. These smdl pieces were chosen because they 
were drawn on a convenient si^^e for use in this article. 


Hand Brake Bracket 


Non- Weld Construction 


Pattern cost ,.$12.00 

Material 2.00 

Machining 3.50 

Layout 1*00 


Weld Construction 
Welding cost 15 feet assembly $1.00 


Material cost - LOO 

Machining LOO 

Layout and shearing 2.50 


$18.50 

' Second piece cost 7.00 Welding cost figured at 4 feet per 

hour @ $1.00 per hour. 

Saves 70% for one piece, Saves 
20% for more than one. 

Overhead figured the same on both parts. 


Front Spring Drive Bracket 


Pattern cost $12.00 

Material 4.00 

Machining 10.00 

Layout 2.00 


$28.00 

Second piece cost $16.00 


Welding $1.00 

Material 2.00 

Machining 8.00 

Layout 3.00 

Bending and Shearing...— 2.00 


$16.00 

Saves over 40% for one piece. 
Cost equal for more than one piece. 



Fig. 5« freon# omfttmeiionu 
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Hg. 6. Advances in 0re apparatus — aright, 1900; center, 1920: left, 1940. 


Transmission Case Mounting 


Riveted Construction 

Welding 

....$2.00 

Riveting time 2 hours.-..$5.00 

Material 

.... 1.75 

Material 1.75 

Machining 

.... 2.50 

Machining 2,50 

Layout and Shearing - 

.... 2.50 

Layout and Shearing 6.00 





$8.75 

$15.25 

Saves over 40% over rivet con- 


Riveting crew $2.50 per hour. struction in this case. 

Riveting would require additional 
plates and flanges and general re- 
design of part. This would make 
the piece heavier and bulkier and 
not as rigid. 

The above percentages do not take into consideration the decrease in 
cost of welded parts for quantity production or even 10 parts. Welded 
parts cost based on 1 unit. 

Exhaust Valve Shift Lever 

Non- Weld Construction Weld Construction 

Pattern cost ...$12.00 Welding — ..$1.00 

Material 1.00 Material .50 

Machining 3.00 Machining 1.00 

Layout - » 1.00 Layout — 1,00 

Bending and Shearing .... L50 

$17.00 

Cost of second piece ..... 6.00 , $5.00 

Saves approximately 70% for 
one piece. Approximately equal 
for more than one piece. 

Therefore, it can be said that for fitst models or experimental models, 
welding is by far the most economical method of construction, Even when 
the pattern cost of the pattern is amorti!?ed over ten to twenty castings, the 
cost of the, w4ded part,.q©mpar^Js|V^tii3|y, ■ This does not take into account 
otiher adyan^ges wslding as outlined elsewhere in this 

paper* ^ * 

Compare the modem „ welded truck with the old type in Fig. 6. 




Chapter VIII— Wheel Mounting for Racing Automobile 

By E. W. Jacobson and F. F. Versaw, 

Design Engineer and Shop Superintendent, respectively, 

Gulf Research and Development Company, Pittsburgh, P a. 


Subject Matter: Construction of a welded 
steel wheel mounting for a fout'-wheel 
drive racing automobile. Two radius arms 
support the wheels transmitting shock 
loads to the mounting. Highly stressed, 
chromium molybdenum, SAE X"4130 steel 
used to reduce weight. Since no different 
tial was provided,* additional stresses would 
come on the steel mounting. Considerable 
saving in cost over cast steel construction, 
together with far more satisfactory per^ 
formance result. 


This paper describes how use of arc welding solved a very difficult design 
problem in the wheel mountings of a frame for a racing car. The nature 
of the problem was such that only by using arc welding could a satisfactory 
design incorporating the necessary lightness, extremely high strength, com^ 
pactness, and reasonable cost be achieved. 

The authors hope that the procedure outlined will prove to be a valuable 
guide in fabrication of similar highly^stressed structures not only in the 
field of speciahpurpose automotive frames, but possibly in aircraft parts 
where light weight and high strength are of prime importance. 

The arc welded wheel mountings were a vital part of two special race 
car frames, (See Fig. 1), designed to mount a pair of high^output, high-speed 
automotive-type engines for use in the Indianapolis Memorial Day auto races. 

Figs. 2 and 3 show views of a right front wheel mounting bracket. Fig, 4 
shows the parts which were arc welded together to form this bracket. Fig. 
5 shows the parts before assembly into the frame. Fig. 6 shows the completed 
frame. Fig. 7 shows a front view of the completed diaasis. Fig. 1 shows the 
rear view of one of the completed racing cars. 

These engines were mounted in four-wheel drive chasscs with individually 
sprung wheels. On the frame first used with this type engine, the fuel tanks 
had been mounted outside the main frame side channels. For the 1941 race, 
the speedway officials ruled that these taiaks must be protected either by 
mounting within the boundary of the frame or inside of the frame side rails 
themselves. 

The frame design selected was that rrthg a girder metim tide amil, 
housing two fuel tanks, one just forward and one’ just behind the center 
crO'Ssmember with the arc weld-fabricated' In' mxh end of 

these box-girder side rails. ' ’ ' * ' f 

The c^gn which this replaced used a <hann»ht|a|^ rp'ldlih' 
casti^ ^i^hcel, mountings’ at either end of cadi ri|, 
required to have 4 weight comparable to the old simple side 
to provide mounwgs for the wheels, engine, etc., which 
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The new arc weld-fabricated wheel mountings herein described were the 
most vital part of this box-girder frame. 

The stress picture in the wheel mountings was complicated by several 
factors. Each of the front wheel mountings was bolted directly to an alumi- 
num differential case which tied the front of the frame together. The rear 
wheel mountings were bolted to the transmission case which was integral 
with the engine assembly. The wheels, all four of which were individroally 
driven, were suspended from the wheel mountings by two radius arms 
each. These radius arms, which were supported by needle-bearinged pivot 
shafts in the arc welded mountings, carried all the stresses arising from the 
wheels, directly to the wheel mountings. These transmitted stresses arose 
from any one or a combination of the following; 1, torsional load arising 
from application of the wheel brakes; 2, horizontal bending and thrust loads 
due to the wheels driving the car forward; 3, horizontal bending and thrast 
loads due to the wheels slowing up the car when the brakes were applied; 
4, horizontal bending and thrust loads due to the wind-up between the front 
and rear wheels when going around curves. There was no differential action 
provided between the front and rear wheel drives, so that when on curves 
the wheels, each rolling on a different radius, would turn at different rates 
for short periods. This tended to produce forces which would try to 
change the center distance between the front and rear wheels to compen- 
sate. The forces would build up until tire slippage relieved them; 5, the 
inner ends of the two cantilever springs on each wheel placed high stresses 
in the spring support pads; 6. each upper radius arm pin was keyed to .the 
radius arm and was lever-connected to a hydraulic shock absorber, which in 
turn was fastened on the wheel mounting. (See Fig. 7) ; 7, each lower radius 
arm pin was connected to a friction-type shock ?ibsorber which was also 
bolted on the wheel mounting. (See Fig. 7) ; 8, the front brackets carried 
the steering gear supports and thus absorbed all the steering loads; and, 
9, the rigidity and stiffness of the box-type frame section tended to centralize 
the shock loads in the highly-stressed sections of the wheel mountings. 
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Fig. 2, (left). Right front mounting bracket Fig. 3, (right). Another view of the right front 

mounting bracket. 


It was quite evident from the stress analysis of the possible combinations 
of the above loads that material of extremely high strength would be required 
if the weight was to be kept within reasonable limits. It was also apparent 
that the choice of fabrication lay between arc welding or cast construction 
if the piece were to adapt itself to mounting of the mechanical parts already 
made. The complicated nature of the wheel mounting required by the many 
fastenings for other parts, coupled with the low weight requirement neces-^ 
sitated material thickness of not greater than J/^dnch for the most part, 
with thicker sections only allowed where extremely high stresses required. 

Cast construction was abandoned in favor of arc^welded construction 
because of the following reasons: l,the complicated nature of the bracket 
made jpossibility of securing reasonably sound castings improbable, if not 
impossible; 2, experience with the steel castings used in the simple previous 
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Hg, S. Frame poiis. 

design had been partially unsatisfactory; 3, there was not enough time to 
experiment with steel casting methods; 4, strength tests on cast metal corild 
not be made satisfactorily, without actual destruction of a casting. Tests on 
one casting would not insure that the strength of another similar casting 
would be satisfactory; 5, only by use of arc welded construction would it be 
possible to stress sections close to the safe calculated limits to keep the high 
strength'wdght ratio required; 6, by use of arc welding, physical tests of 
sample weld specimens would give close criteria of safe working loads; 7, the 
cost of a pattern of such a complicated steel casting would exceed the arc 
welded fabrication cost of the small number of wheel brackets required; and, 
8, a high-strength alloy steel which could ba satisfactorily arc welded and 
heat-treated was available in SAE X'4130. . 

Chromium molybdenum SAE X-4130 steel was selected because of its 
excellent welding properties, high impact-to-tensile-strength ratio, its recep- 
tiveness to heat-treatment, and its ready availability. Fig. 4 shows the 25 
separate pieces which were shaped from SAE X-4130 sheet stock and bar 
stock to make up the wheel moxmting brackets. Most of Ae pieces were 
H'inch thick while some were made from %6dnch thickness where required 
for strength. The wring support pads, parts 13 and 14, were made from 
%-inch-thick bar and the radius arm bearing bosses, parts 3, 4, 5 and 6, were 
made from lV 2 -inch-diametcr bar stock. All the sheet stock was used in 
the as-roUed condition. Beading and framing operations on the sheet stock 
were made at an elevated temperature, the parts to be formed being hi»atfd 
to a low red heat, to prevent cracW^ m right angle bands, with excellent 
results. 
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STUDIES IN ARC WELDING 


Electrodes in the J/s'inch'diameter siz:e were used m aU the arc wel^g 
)perations. This rod was selected because of its smooth weldmg qualities 
Lnd response to heat treatment like SAE X'4 1 30. Before weldmg was started 
wo standard A. S. T. M. weldmg samples were made from Ka'inch x l^mch 
itock. These pieces were joined by 60° V'groove butt welds the pieces first 
icing preheated to 400° to 600° F., and allowed to air'cool after weldmg. 
?ollowtog welding, these samples were machined to i^^mch width at the 
jveld and the excess weld material removed. They were then pulled m a tensile 

nachine with the following results: - o- 

Tensile Strength Elongation in 2 in. 
Sample 1 90,880 p.s.i 2.5% 

Sample 2 107,200 p.s.i. 5.5% 



6. Conxploied frame. 


These tensile strengths were considered satisfactory since tensiles of only 
70 000 to 80,000 pounds would normally be expected in such welds without 
hek'-treatment subsequent to welding. The elongation was somewhat lower 
than desirable, but this would undoubtedly be improved by proper hea^ 
treatment after welding. Following these tests, it was decided to V-groove 
welds only where high strength was required. Plain fillet wcldi were used 
where stresses were low. Single-'pass welds were used throughout. 

Very simple fixtures were used to hold the parts in place for weldmg. 
Two hollow spacer bars and two l-'inch threaded rods were used to hold 
tkt side plates, items 1 and 2, in position. The rods were run through the 
•i^idius arm bearing bosses, items 3 and 5> and 4 and 6, and pulled up with 
the spacers between. This simple assembly was clamped to a surface plate 
as required thjroughout the assembly operations to insure proper alignment. 
Individual parts were held in place for welding by clamps as required. 
Locating pins were used to assemble the spring paxls, items 13 and 14, as 
they had to be machined before assembly, and their location was quite 
critical. i . 

The order of assembly, jmd welding of the parts after preheating to 
400° to 600°F. before eadh made, was as follows; (See tip. 

2, 3 and 4), ivir:*;:; ' ' 

1. Spring pads, items 13 apd 14i#effc.fw«mbled cm the side p&ttti I and 

2. The locating pins were peened oyteC'^|i ^|y e proper locaticxi and a fciew 
was used to hold the inner ends in were; not welded in 

place until later. \ y •. M h, 

2. Assemble and weld reinforcing' IpiM M , I ‘ipd itMW 17 

to plate 2. ■ ' ' '' ' ■ ^ 

3. Assemble the inner radius arm beasting boeses^ jteme 3 iW 4 itt flltte 1| 
weld inside to plate 1 and outside to reinforcing ting, item 16> 
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4. Assemble outradius arm bearing bosses, items 5 and 6 in plate 2. Weld 
inside to plate 2 and outside to reinforcing ring, item 17. 

5. Assemble spring pad support plates, items 11 and 12, and weld both 
sides to side plates, items 1 and 2. 

6. Assemble side plates 1 and 2 with the spacer bars and rod bolts in 
position and clamp this assembly face downward on a surface plate for 
alignment. 

7. Assemble reinforcing plates 7 and 8 and weld in position, both sides, 
to items 1, 2, 3, 4, 5, 6, 11 and 12. 

. 8. Assemble back plate, item 15, ancl weld to side plates, items 1 and 2; 
then to reinforcing plates, items 7 and 8; then inside to spring pads, items 13 
and 14. Complete welding of spring pads to side plates, items 1 and 2. 



Fig. 7. Front tIow roco car* 


9. Assemble inside top angle pkte, item II, iii position and weld to 
side plates, items 1 and 2, then to item 7, both rides. 

10. Assemble lower inside angle plate, item 10, and weld to items 1 and 
2, then to reinforcing plate, item 8. 

11. Assemble upper outride angle plate, item 19, and weld to side plates, 
items 1 and 2. 

12. Assemble lower outside angle plate, ^ item 20, and weld to side 
plates, items I and 2. 

13. Assemble steering support angle section, item 9, and weld to items 

10, 18, 19 and 20. : i ; 

14. Alembic spring pad support stiffener, items 21, and wdd to items 

Um4n2t 14. and 7 *^' ^ ‘ 

15. Assemble poritionmg ring, item 22, and wdd to item 15. 

: ' After wddteg was* competed, the ri^embly y»s heat treated. The spacer 
bars and tod boSs were Mt in pcmtkm dtiring the heat treating operation 
to hofclttibe' assembly from' heat' treatment consisted of 

...a# feawlrig at I, ,000® to 1,100®F. to 

a mllkM iW to harass number. Sandblasting 
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In order to determine the presence of cracks, holes, or general porosity 
in the welds at the highly stressed parts, X'-ray pictures were taken of the 
welds around the radius arm bearing bosses and the spring pads. These 
X-rays showed excellent welds. 

All the eight brackets came through the above fabrication and heat 
treatment with negligible distortion, for the most part less than % 4 ''inch. 
Only one or two brackets needed to be filed a small amount to be made to 
fit. The only machining required was a milling machine operation to face and 
bore the radius arm bearing bosses, a lathe operation to turn and face the 
positioning ring, item 22, and drilling of the bolt holes for assembly to the 
frame sections. Figs. 5, 6 and 7 show clearly the position of finished wheel 
mounting brackets in the frame of the car. 



Hg. 8. Original cost sieel brocket 

Costs' — In the building of the two racing cars, costs of conitruction 
was secondary to performance. In racing automobiles of this nature* the 
vital problem is to make all parts just strong enough to meet all the stresses 
and abuse to which they are subjected during a certain known period of time. 
These cars were built to last out the 500 miles of terrific punishmant in the 
Indianapolis Memorial Day race. Elimination of all unnecessary weight was a 
vital necessity. Therefore, materials with the greatest strength^weight ratio 
were used throughout. The materials and methods used in building the wheel 
brackets described above gave the utmost strength and lightn^s possible 
in meeting the very severe stress conditions. The success of this type of 
construction was adequately borne out by the absence of failures or trouble 
of any kind with these wheel brackets during preliminary testing or in 
actual racing. 

As stated previously, cast steel construction was :a' postibiMty. Fig* 8 
shows one of the steel castings used in the first frame design wMhh iriwpcp 
rated a chaimel section side rail, Comparisem of f&e two pieees (Fifi* 2 
and 3 and Fig. 8) indicates the greater complexity of the diipe of the' new 
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arc welded bracket over the old cast steel design Had the new brackets 
been cast, four separate patterns would have been needed. On the basis 
of the cost of the pattern for the old'type bracket ($311), each of the four 
new patterns would have cost approximately $350 each, or $1400 for pat' 
terns alone. Casting cost for the old'type bracket was $6 each in lots of 24. 
This many would need to be purchased to be assured of getting eight reason' 
ably sound castings. This cost, then, for castings for two cars would be 


Patterns, 4 at $350.00 =$1,40000 

Castmgs, 24 at $6 00 = 14400 

TOTAL..... $1,544 00 


The cost of making eight arc'welded brackets was 
Material 

400 lbs. SAE X'4130 at 18^ lb.=$ 72 00 

16 lbs. Electrode at25^1b.= 4 00 

Handling charge, 10% = 8.00 $ 84.00 


Labor 

Fabncation of pieces 

8 units at 22 man hrs. ea. at $1.00 per hr =$176.00 

Welding 

8 units at 16 man hrs. — ^Welder at 

$1.00 per hr = 12800 
8 units at 16 man hrs. — Helper at 

$0.75 per hr.= 96.00 


Overhead charge, 40% on labor. = 160.00 560.00 


Fixtures 

2 bolts and 2 spacer bars (Labor and Mat.) = 4.00 

Power 

150 Kw. hrs. at 2^ = 3.00 


TOTAL COST. $651.00 


Heat treatment and sandblasting is not figured in, as practically identical 
treatment would be given to steel castmgs as to the arc welded brackets. 

The actual cost savmg with arc welded cpnstruction was, then, $1,544 
less $651 or $893 for the eight brackets. This savings m cost was only 
incidental to the more important factor of increased strength and safety 
of the arc welded construction over the cast construction. 

Were such a complicated piece to be made in quantity production, tbe 
pattern cost for a cast steel unit would be charged off to a considerable 
number of pieces which in turn would bring the unit price way down. 
However, offsetting this apparent advantage would be the very low cost 
of punch'press fabrication of the pieces making up the welded unit, and 
the economic of production'line welding. It is bweved that even in quantity 
production the cost advantage would Still be in favor of arc welded 
(Xmsttuction* 



Chapter IX— High-Speed Dirt Movers 

By G. J. Storatz, 

Assistant Chief Engineer, The Heil Co.. Milwaukee. Wise. 



Subject Matter: Construction of an all welded high-speed scoop 
for earth, excavation. The scoop is supported by four rubber''ti^cl 
wheels and can travel on hard pavement. It is considerably 
lighter in weight than the former cast steel design. The un^ 
will travel twice as fast as formerly, thus saving cost of earth 
excavation of $.02 per yard or 50 per cent. 


G. J. Storatz 


The use of a scraper unit, pulled by crawler tractors, for excavating and 
grading operations has gained recognition and acceptance to a considerate 
degree within the past 15 years. The reason for this development is the 
fact that scraper operations are economically sound, afid if properly located, 
the scrapers will pay for themselves quickly and easily. As a result of this 
advancement, many interesting developments have taken place in the de-' 
sign of scraper units, and a great many different makes and models are now 

hdng offered. , . 

During the past few years, there has been a considerable demand trom 
contractors as well as governmental departments, engaged in projectss for 
national defense program, for a scraper pulled by rubber-tired tractor units. 
Their specific demands were for a unit which could be used on long and 
short hauls with equal efficiency. A growing need has also been expre^ed 
for a unit which could operate on, as well as be transported over, the high^ 
ways. Tractors with cleats are prohibited on all highways. Therefore, a 
rubber^tired tractor unit will enable road-'buflding contractors to move this 
equipment oyer practically any highway. (See Fig. ly. 

One of the largest demands for this unit t;o date has been in the constnic-' 
tion of airports where it is necessary, in the course of the work; to run over 
die present runways. These rubber-tired units can do this without causing 
any appreciable chmage to the runysays. With the present national defense 
program, it has been increadjfigfy to move dirt at high speeds to 

the construction of large muralicto''pto^ camps and roads leadtog 

to and from these camps. As 4 reiiiit.- of ^ these demands^ the scoop ww 
devdoped during 1941 and is, at bAi Wmslytly on these 

project. (SeeFii2). 

The outward appearance of our newfydi’esigaed scraper does not differ 
greatly from that of the old model. Howeyeit| 'the bisto chwigei have bit®i 
the substitution Of high tensile steels for mila stedl^. and 'the diranatioti of 
practically all steel castings. In fact, the new design wm Only lie fowidh of 
castings as compared to approximately 3,261 pounds to dit' fdito# 
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Fig. 1. Side view ol high-speed scoop. 

Due to the fact that the rubber^tired tractor does not have the traction of a 
crawler tractor, it was necessary to conserve weight wherever possible. In 
designing the scoop, it was necessary for us to redesign our former scraper 
in such a manner that there was a saving in the deadweight of the unit. 
However, the unit had to be strong enough to carry a load of dirt which 
would be comparable to a crawler-tractor-drawn unit of the same size. 

It was also necessary to keep in mind the economical aspect since, in 
redesigning this unit, we had^ to consider keeping the price of the unit in line 
with our competitors’ prices. The high tensile steel could be used only 
where an appreciable reduction in weight was possible, consequently, our 
manufacturing costs did not vary greatly due to the use of thinner^gauge 
high-^tenisile steel instead of heavier-'gauge mild steels. Since practically all 
of the castings were replaced with welded steel plates, an additional decrease 
in the weight of the newly^designed xinit was achieved. 

In following this practice, an appreciable saving of weight was accom" 
plished which, in turn, resulted in a saving in manufacturing cost In view 
of the fact that our shop is primarily a ‘‘plate shop”, it is good economical 
practice for us to fabricate the majority of our parts of welded-plate design 
and thereby avail ourselves of our manufacturing facilities. 

The weight of a crawlef-tractcar-drawn unit was approximately 21,000 
pounds, and the weight of the redesigned unit was lowered to approximately 
18,700 pounds,, or a nine per cent saving in dead weight. Both model scrapers 
were capable of transmitting a net weight of 30,000 pounds. 

The following paragraphs will analyze the design of the component parts 
of the scraper, showing where savings in cost and weight were effected. The 
component parts of a scraper are as follows — 1 , bowl assembly. 2 , movable 
floor assembly. 3, rear lift link assembly. 4, front apron assembly. 5, front 
lift frame assembly. 6 , front lift arm assembly. 7, wheel assembly; and 8 , 
p'ush bumper assembly. * m ^ ^ ^ i 4 ’ ■ ■ 
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Bowl Assembly, (See Fig, 3) . — ^The bowl is the main part of the scraper 
since its function is to carry the load It is made up of two sides joined by 
cross members to form a box^like structure. The front part of the side sheet 
consists of a y 2 'inch. plate welded to a J4"inch plate. The front part of the 
side sheet is constructed of a heavy matenal for two reasons, — ^first, it is the 
leading edge of the bowl and is subjected to constant impact as it goes 
through the soil while the unit is in operation. Second, it must carry a welded 
box-section cross member. The lower front part of this side is made of a 
^'inch plate. The front part of this plate does the side cutting or routing 
as the scraper digs. This part of the plate is hard faced with an abrasion- 
resistmg weld. This hard-surface coating can be replaced as wear occurs. 
In the former design, a high-manganese casting was bolted on at this point 
to take the abuse (See Fig. 4) 

Also attached to this plate is the heavily-reinforced box-section type of 
cutting edge This cutting edge is subjected to all the wear and tear in the 
digging operation of the unit. The remainder of the side sheet is made of 
J4dnch plate reinforced with honajontal and vertical box sections. The pur- 
pose of these reinforcements is to prevent these sides from bulging out due 
to the hydrostatic pressure of the load, and to form a rigid box section con- 
struction around the whole bowl. With the use of welding, it was possible 
to combine various-gauge plates in such a manner that the heavy plates could 
be placed in the position where they were needed. In this side, we used 
plates of three different thicknesses. These plates were located in such a 
manner that the highly-stressed portions of the side were made of heavy- 
gauge plate to take die load imposed on them. Where lesser loads occurred, 
diinner-gauge reinforcing material was used. This type of construction tends 
to eliminate the use of uniform-size plates throughout. 

The two sides of the bowl are joined together by four box section-type 
cross member are welded to the front V^-inch side plate. Comer box-scction- 
%-inch U-shaped plates welded together with a double-pass Vcc weld. 
These U-shaped plates are beveled before welding. The ends of this front 
cross member are welded to the front Vi^inch side plate. Comer box-scction- 
type gussets are welded to this cross member and to the V^-inch side plate 
so that there is no concentration of stress on the weld. 

To the middle of this cross member we have welded two ears which 
carry a cross tube and into this particular tube a link mechanism has been 
inserted. This link, which is connected to the bowl at this point, controls 
the lifting and lowering of the bowl and regulates the depth of the cut as 
well as the height of the spread. 

The front member must also carry the upper track assembly. This track 
assembly consists of two U-shaped front beams, the lower parts of which 
are welded to the front cross member and the tops of which are welded to 
the top sheave housing. These members are welded to form an ‘'A’’ so as to 
give a wide bearing at the bottom, thereby resulting in a rigid track assembly. 
The track assembly itself is of a box-section^type construction made of high 
tensile ^eel. 

The rear lift link runs along this track. This rear lift link is connected to 
the movable floor which in turn carries the load of dirt. During the dumping 
cycle, this whole wmght is borne by the track through the medium of the 
Itok. The rear part of this track assembly is rigidly welded to the top rear 
qmm m^jJnbcr of the bowl . 

Xhe top teat Orosa imember and bottom cross member arc U-shaped plates, 
fcn a commoh sheet to form the imr of the bowl These box-section 
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cross members, being welded to the sides of the bowl, make a box^section con^ 
struction which holds the bowl in perfect alignment. ^ 

To these cross members the rear axle assembly is welded. This rear 
axle assembly, which carries the wheels, must be thoroughly reinforced and 
of sturdy construction since it carries 5 5 per cent of the total weight of the 

scraper and pay load. (See Fig 6). a v i • 

The rear axle assembly consists of two %-mch side plates, A hole is 
burned out in these two plates to decrease their weight These side plates 
are joined together by a common plate which in turn is welded to a rear cross 
member. This cross member has a bracket on each end which carries the 
wheel axles. These brackets were originally made of cast steel, but 6n the 
present unit they are burned out of 5 "•inch plate. This rear axle assembly 
18 attached to the rear cross members of the bowl by means of box-'Section 
gussets on the top and bottom A construction of this kind tends to prevent 
“’stress raisers’’ which are caused by sharp corners or rapid changes in section 
The rear lower cross member of the bowl also has welded to it five lV 2 "mcli 
extensions which support the movable floor in its lowest position 

The fourth cross member is also the cutting blade bed and is a heavily^ 
trussed structure permanently and rigidly welded to the bottom front part 
of the bowl. This was originally a cast steel member but it is now a triangU" 
laT'shaped member made up of V/^Anch. and hmch plates. The welds on this 
cutting edge are made m several passes and a technique had to be developed 
in the welding procedure so that when this member was finished it was 
straight and not curved or twisted. ran into considerable difficulty on 
this in some of our first attempts. Upon examination of Fig. 7, the vfelding 
procedure used in this construction can be readily seen since the passes are 
listed numerically. 

The following method of calculation was used in arriving at the costs 
of the various welds employed in the construction of our scraper units. 


Calcukdon 


Labor 

Power 

Electrode 

Effiaency of machinery 


$1.00 per hour 
.02 perK.W.H, 
.095 per pound 
50 Per Cent 


1/4'' Butt Weld 

Labor = Labor/Hour = 1 00 

Welding Speed Ft./Hr. 45 « .0222 

Power = (Amp.) (Volts) (Cost/KWH) 

(Efficiency) (Welding Speed Ft./Hr.) lOW 
= 200 X 30 X .02 a« .0053 

.50 X 45 X 1000 

Electrode = (Amount of Hectrode/Ft.) (Cost/Ub.) 

.225 X .095 « .0214 

Overhead = 200% Labor .0444 


Total Cost per Foot of ]//' Butt WM MU 



The costs of the various welds, using the abfrire culoxlat&ini, trt «* 
givm in Table I. This cost per foot of the various wdkJ# be tMW Ini the 
medation of the subsequent assemblies 
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Fig. 4« (left). Side view of scoop during fabrication. Fig. 5, (right). Top view of scoop 

during fobxicatiozu 

Table I 


Description of Weld 

Cost Per Foot 

14" Butt 

14" Vee 

Lap 

14" Fillet 

$0.0933 

0.225 

- 0.0641 

.... 0.1118 

Butt 

Vee 

%«" Lap 

4ie" 

0.1 lOT 

... 0.2559 

0.0858 

.. .. 0 125ft 

Butt 

0.1269 

... 

0.5298 

ip Lap 

H" Fillet 

0.1048 

0.1600 


t 


Table II — ^Welding Cost Analysis of the Bowl Assembly 


Description of Weld 

Old CSonstruction 

Ft. Weld Cost 

New Construction 

Ft. Weld Cost 

!4" Butt 

20'- 

- 2" 

$ 

1.89 

21'- 

-8" 

$ 2.03 

14 " Vee 

14'^ 

2" 


3.16 

25'- 

-0" 

5.57 

%" Lap 

54" Fillet 

28'- 

- 4" 


1.80 

27'- 

-6" 

1.75 

9r- 

- 8'^ 


10.25 

125'- 

-0" 

13.97 

^6*^ Butt 

27'- 

- 3" 


5.01 

19'- 

-5" 

2.14 

%6^ Vee 

55'- 

- V 


13.63 

43'- 

-9" 

11.13 


28'- 

„ 4" 


2.58 

17'- 

-8" 

L48 

192'- 

- 1" 


23.75 

182'- 

-1" 

22.51 

H" Butt 

8'- 

- r 


1.06 

6' - 

-8" 

.85 

M" Vee 
^".Mfet 

168'- 

- 6" 


55.61 

155'- 

-4" 

50.60 

? 5 '_ 

-10" 


5.85 

38'- 

-6" 

4.02 

192'- 

- 1 1" 


30.79 

184'- 

-3" 

29.42 

Total Cost 



$155.16 



$145.47 

TOTAL SAVING 

- 

$7.69 

• ' ^ f f , 





' U<^ ia Table HI fc a used in both constructions, 

arid die ttsoldng aatvfag* 'iri and cost. 

Oaaitr of' bM teodle otae price of 3 J4 cents per pound. 

C3o«! c# mfld 8^1 plate ba*«<* «* cc*^t8 per pound. 







Old Construction New Construction 

Description Weight Lbs, Cost Weight Lbs, Cost 


Old Construction New Construction 

Description Weight Lbs, Cost Weight Lbs, Cost 


!4" mild steel 2015 $ 50.38 1904^2 $ 47,61 

mild steel 1230 30.75 773 19,32 

mild steel 1362 34.05 951 23.77 

*4'' ^ up mild steel 3641 91 03 3021J4 75.54 

manten steel 210 6,82 

9ie" manten steel .... 215 6.99 

manten steel %Q% 

8248 $206.21 7377 $189.86 

Total Saving in Weight =871 lbs. 


Total Saving in Cost = $16.35 

By substitution of welded-plate construction in place of castings, considar^ 

able savings were realized over and above those prCTioudy acixtioiicd. One 
of the most important savings was on the cutting edge bed pfete as shewn in 
Fig. 7. 
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Table IV 


Casting Design 


Weight of casting = 1682 lbs 

Cost @ 15 per Lb $252 30 

Machine labor, 8 Hrs @ $1 00 per Hr 8 00 

Overhead @ 200% of Labor 16 00 


Total cost $276 30 


Welded Design 


Weight of steel plate = 1436 Lbs. 

Machine labor, II /2 Hrs @ 1 00 per Hr $ 7 50 

Machine burning, 5 6 Hrs @ 1 00 per Hr 5 65 

Welding labor, 18 5 Hrs @ 1 00 per Hr 18.50 

Grinding and cleaning labor, 4 Hrs @ .60 2.40 

Overhead @ 200% of labor 68 10 

Power and cutting costs 4 09 

Electrode cost, 841/2 Lbs @ 095 7.98 

Hard facing electrode cost, 15 Lbs. @ $2 00 30 00 

Steel plate cost @ 21/2^ per Lb 35.90 


Total cost. $180 12 

Total savings m weight = 246 Lbs 
Total savings in cost == $96 18 


A further saving resulted from elimination of the high manganese steel 
router casting This router casting was replaced with an abrasion-resisting 
welded plate. 

Table V 


Side Router Casting 


Weight of casting = 110 Lbs 

Cost of casting @ 22^ per Lb $24.20 

Grinding, 24 minutes @ 75 per Hr 30 

Drilling, 1 Hour @ 1.00 per Hr 1 00 

Overhead @ 200% of labor 2 60 


Total cost $28 10 


Welded Design 


Weight of steel plate = 90 Lbs 

Machine burning, 1 Hour @ 1.00 per Hr $ 1 00 

Welding labor, l!4 Hrs. @ 1.00 per Hr 1 25 

Grinding, 20 minutes @ .60 per Hr ,20 

Overhead @) 200% of labor 4 90 

Power and cutting cost 70 

Electrode cost, 8 Lbs, @ 2,00 per Lb 16,00 

Steel plate cost, 90 Lbs (g) 2yz4 per Lb 2.25 


Total cost $26,30 


There are two of these router castings used on a scraper unit therc^ 
fore, the total saving in weight Is 2 x 20 pounds, or 40 pounds total, — 
or a saving of $L80 x 2 $3.60. 

The total savings on the whole bowl assembly as shown in Tables 11, 
III, IV and V listed above, is $123,82, or 18 per cent. 

Total saving in weight » 1,157 pounds 

Total Aving in material and labor cost = $123,82 or 18% 


Movttbk Floor, (See Fig* 8)r-The movable floor is the second important 
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Fig. 7. Welding procedure on cutting edge. 

part in the design of a scraper. This assembly forms the bottom support 
for the load It is hinged m front on the front cuttmg edge of the bowl, 
and the back of it is supported on the extensions on the rear cross member 
of the bowl. The top sheet of this movable floor is designed in one piece of 
^e-inch high'tensile plate where, previously, 54"inch mild steel was used. 
Across the back of the floor are two honsjontal box-section members, and 
the rear cross member rests on the extensions of the bowl 

Along the front part of this floor, longitudinal reinforcements are skip 
welded These extend perpendicular to, and butt up against, the front 
rear cross member The front part of these supports is welded to tubes, and 
these tubes form a hinge with the tubes which are welded on to the cross 
blade of the bowl. These remforcing cross members taper from 2 V 2 ''iiiches 
in depth at the pivot end to 7 inches in depth at the point where they connect 



Hg. 8, Moroble floor ossemblj. 
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with the rear cross member This is to increase the section modulus m the 
same proportion to which these beams are loaded, and this can be readily 
accomplished with a welded plate design Through the middle of the front 
rear cross member a plate is welded This is the point to which 

the lift link is attached, and all the pull is exerted at this point when the 
scraper load is discharged Where the reinforcing members of the floor 
meet the front rear cross member, pointed butt straps are used. These butt 
straps are pointed at both ends m order to obtain more weld length instead 
of a concentration of weld 


1-1 H 7 Jir 

L 



■iifiiiaifiii 

m 

F 4--^ ^ 

'1' 

V^<r 





Welded to the rear cross member are tubes which tend to form a hinge 
connection with a flapper plate The object of this flapper plate is to scrape 
the rear of the bowl clean after each operatmg cycle. The rear cross members 
are fulhwelded to the floor plate, but the reinforcing members are skip 
welded. This floor has not been changed matenally from the previous design 
except that high tensile plate has been substituted for mild steel, resultmg 
m a weight saving of 158 pounds. 


Table VI — ^Movable Floor Assembly — Cost Comparison 


Old Construction New Construction 


Description of Weld 

Ft. Weld 

Cost 

Ft Weld 

Cost 

!4" Fillet 

%6" Vee 

Lap 

%6" RlJet 

Va" FiUet 

9' — 5" 

10' — 0" 

25' — 0" 

50' — 2" 

.... 23' — 4" 

$ 105 

2,54 

2 10 

6 26 

3.72 

9' — r' 

10' — 0" 

25' — 0" 

71' — 0" 

$ 1.05 
2 54 
2.10 
8.79 

Total cost .. — 

Total saving == $1 19 

.... 

$15.67 


$14.48 
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Table VII — Comparison of Material Used 


Description 


Old Construction 
Weight, Lbs Cost 


New Construction 
Weight, Lbs Cost 


27!/^ 

$ .69 

2 IV 2 

$ 

69 

576 

14 47 

576 

14 

47 

965 

24 12 

245 

6 

12 

68 

1 70 

68 

1 

70 


562 

18 

26 

1636^2 

$40 98 

1478/2 

$41 

24 


high tensile steel 


Total loss in cost = ^ - 

Total saving in movable floor as shown in Tables VI and VII 
Totad saving in weight == 158 Lbs 

Total saving in material and labor cost = $ 93 or over 1%. 


Rear Lift Link Assembly, (See Fig 9)— The rear lift link assembly is the 
mechanical connection between the movable floor and the track assembly 
on the bowl The movement of this Imk is actuated by a cable which is 
wrapped around the two sheaves in the upper part of the hnk. In view of 
the fact that this Imk is in tension at all times, its construction was simphfied 
over that used m the previous design. It now consists of two side sheets 
separated by two plates, one welded straight along one end, and the other 
havmg a single bend and welded for most of the distance along the other 
end, causmg this structure to be of a box'section construction. On the lower 
end of the hnk, where it connects with the movable floor, one washer is 
welded to each one of the side plates so as to secure enough bearing area 
for the connecting pm. 




Fig. 10. Front apron assembly. 

In the upper end of this rear lift Imk, a tube is welded, which serves 
as the hub for the bearings supporting the two rollers traveling up the 
track- A 3 X iy2'inch bar is welded to the upper end of this link This 
serves as a bumper or stop when the link has reached its maximum position 
The upper part of the link also has a separator plate welded in so as to form 
individual housings for the two sheaves which are located at this point. The 
saving realised on this construction was through mabng the hub of tubing, 
welded to the side sheets, instead of using a casting. By making this a reinforced 
box section type of design, a material saving in weight was also realized. 
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Old Construction New Construction 


Description of Weld 

Ft. 

Weld 

Cost 

Ft Weld 

Cost 

14" Vee 

.... r- 

- 6" 

$ .33 

1'— 0" 

$ .22 

14" Fillet 

.. . 2'- 

■^11" 

33 

2'— 2" 

.24 

%6" Vee 

.... O'- 

-10" 

.21 



%6" Lap 

... 3'- 

- 0" 

25 



%6" Fillet 

4'- 

- 0" 

.50 



Lap 

.... 2'- 

- 6" 

.26 

4'— 2" 

.43 

H" Fillet 

.... 12'- 

- 1" 

1 93 

10'— 10" 

172 

Total cost 



$3.81 


$2 61 

Total saving = $1 20 








Table IX — ^Plate Comparison 



Old Construction 

New Construction 

Description 

Weight, Lbs. Cost 

Weight, Lbs Cost 


J4" mild steel 15 $ 38 uyz $ .31 

mild steel 45 1.13 

mild steel 225 5 63 199 4.97 

Yz" and up mild steel 12 .30 24 .60 


Total cost 297 $7 44 IZSYz $5 88 

Total saving in weight = 6 V/z Lbs. 

Total saving in cost = $1 56 


The hub was changed from a cast to a welded tube design. The com" 
pansons in Table X show the savings effected 
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Fig. 12m (left) Cut-away view of front gooseneck. Fig. 13, (right). Front view of hit frame 

during fabrication. 

Table X — ^Cast Design 


Weight of casting = 12 Lbs 

Cost of casting, 12 Lbs @ 18 per Lb $2 16 

Machine labor % Hr. @ 1 00 per Hr 75 

Overhead @ 200% of labor. 1 50 


Total cost $4 41 


Welded Design 


Weight of tubing = 9 Lbs 

Machine labor, Hr. (g) 1 00 per Hr $ 50 

Welding labor, 9 minutes @ 1 00 per Hr 15 

Grinding and cleaning @ 60 per Hr 15 

Overhead (§) 200% of labor 1 60 

Power and electrode cost 15 

Tube cost, 9 Lbs @ 8^ per Lb 72 

Total cost $3 27 

Savings m weight = 3 Lbs. 

Savings m cost = $M4 


Total savings on rear lift link assembly, as shown in Tables VIII, IX 

and X are as follows 

Total saving in weight = 64J/^ Lbs 

Total saving in material and labor cost = $3 90 or 24 8% 

Front Apron Assembly, (See Fig. 10) — ^The mam function of the front 
apron assembly is to retain the load during the transportation cycle This 
assembly is made up of two reinforced side arms which are inter-connected 
in front by a reinforced plate, and the back portions of these side arms 
pivot about a trunnion pin welded into the sides of the bowl. The lower 
tip of the front sheet is outwardly reinforced by an ‘X’’ section made of 
^-mch plate and welded to form a box section This is the part of the 
front apron which is subjected to the most abuse 

The remainder of this apron is constructed m such a manner so as to 
form honzontal box sections which tend to make the apron torsionally strong 
so that It will not distort when carrying its proportional share of the load 
Skip welding was employed wherever possible in this new design so as to 
effect a saving in labor cost Another saving was made by constructing the 
inside lower cross plate out of thmner-gauge high^tensile materiaJL 
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In the previous design, a hardened-steel cutting bit was bolted along the 
lower tip of the front apron In our present design, we use a little heavier 
gauge material in our ‘■'L^-shaped box section, and we weld a wearing tip 
on It with abrasion-resisting weld A savmg of material resulted m the 
elimination of this hardened^steel cutting bit as well as the labor connected 
with the dnlling of holes and attaching of this bit A bracket, which carries 
the operating sheave, is welded in the center of the front apron 



Table XI — ^Front Apron Assembly 


Descnption 

Old Construction 

Ft Weld Cost 

New Construction 
Ft Weld Cost 

'A” Vee 

.. 29' — 2" 

$ 6 51 

30' — 0" 

$ 6.69 

!4" Lap 

.. 15'— 0" 

96 

12' — 6" 

80 

J4" Fillet 

. 5* 

6.53 

51' — 3" 

5.73 

yie'' Vee 

. 11'— 3" 

2.86 



W Lap 

13'— 4" 

1 12 



%e" Fillet 

10'— 0" 

1 24 



Vee 

. 17'— 11" 

5 91 

20' — 0" 

6 60 

Vs" Lap 

9'— 2" 

96 

10' — 0" 

1.05 

Fillet 

. 18'— 4" 

2 93 

10' — 6" 

1 68 

Total cost 


.$29 02 


$22.55 

Total Savmg=$6 47 






Table XII — Plate Comparison 


Descnption 

Old Construction 

Weight, Lbs Cost 

New Construction 
Weight, Lbs. Cost 

14'^ naild steel 

mild steel 

M" mild steel 

140 

360 

$ 3,50 

9 00 

187 

$ 4.67 

240 

6.00 

181 

4.52 

H" and up mild stecL. 

high tensile steel 

1600 

40 00 

1640 

230 

4100 
7 47 

Total cost — - - — - 

Total saving in weight =102 Lbs 
Total savin©^ in cost « 84<f 

2340 

$58,50 

2238 

$57 66 





A saving was also brought about by eliminating the high carbon cutting 
edge A comparison between our old and new designs is given in Table XIII 

Table XIII 


Weight of high carbon edge = 127 5^ Lbs 

Cost high carbon edge and bolts 

Machining of holes, % Hr @ 1 00 per Hr 
Assemble blade, 40 minutes @ 75 per Hr 
Overhead @ 200 % of Labor 

Total cost 


Present Design 

..ri: ;■ ' — r-r-= 

Welding labor (g) 1 00 per Hr 

Overhead @ 200% of Labor 

Electrode Cost, 8 lbs @ 2 00 per Lb 

Power Cost 


Total cost 

Total saving — $2 29 

Total savings on front apron assembly, as shown in 
Tables XI, XII and XIII are as Mows 
Total saving m weight = 22954 Lbs 
Total saving in material and labor cost =$9 60, or 8 2% 

Front Lift Frame Assembly, (See Fig 11) — ^Another one of the highly 
stressed parts in the scraper is the front lift frame assembly This assembly 
must be able to transmit all of the tractor drawbar to the cutting edge of the 
scraper as well as carry 45 per cent of the weight of the scraper plus the 
weight of the bowl The front lift frame must be strong and rigid torsionally 
Consequently, this member is made up wholly of reinforced box section, 
and the majority of the plates used in its construction are high^tensile steel 
The two side arms of this lift frame a're made up of U-section type plates 
welded to a second plate to form an enclosed rectangular box section These 
arms taper in both dimensions, increasing m section so as to be able to have 
a section modulus big enough to carry the load imposed upon them These 
two side arms have additional plate reinforcements welded inside at the 
points of maximum stress Full corner welds are used along the length of 
these side arms During fabrication, these side arms are welded in pairs 
They are placed in a jig which holds the two ends together Any tendency 
for one arm to warp dunng welding is prevented by the other and, con- 
sequently, both arms are straight after welding 

A bearing is attached to the lower end of the side arms This bearing, 
in the new design, is burned out of lV 2 dnch plate One ^nneh washer 
IS welded on each side of this bearing in order to secure the calculated beap 
mg area In this manner, a strong bearing is secured, which can be very 
easily manufactured from relatively inexpensive plate instead of expensive 
castings A pin gomg through these bearings connects them to the sides 
of the bowl, and it is about these pins that the bowl pivots in order to secure 
the depth of cut and the height of spread 

The front ends of these side members are welded to the front cross 
member This front cross member is made in two halves which weld to 
a 1 54 "inch plate at the center, and the outside ends of these cross members 
are securely welded with a double pass weld to the side arms, (See Fig* 12). 
These front members are made up of U-section plates welded together. 
These plates are chamfered for a heavy Vee weld. The front cross member 


. $ 3 57 
7 14 
16 00 
25 


. ..$26 96 


$25 50 
75 
50 

. 2 50 


.$29 25 
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also tapers, being largest where the maximum stress occurs. Equally spaced 
at the center of this cross member are two ears made up of %unch plate 
securely welded to the cross members. These plates carry cast iron trunnion 
bearings in which the front lift arm, that carries the bowl, pivots 

A large box'-section type of gusset reinforces the corner where the side 
atms and the front cross section members are joined This corner gusset 
helps stiffen the front lift frame torsionally at this point as well as to elim" 
mate a stress concentration at the corner 

Connected to the center of the lift frame and extending downward is 
the so called "''goosemeck,'’ (See Fig 13) Down through the center of the 
gooseneck is a plate This plate extends down just far enough 

to allow clearance for the swivel yoke The other part extends back far 
enough so as to connect with the two halves of the front cross member This 
front gooseneck is also of a box-section construction, the sides of which are 
welded to the front cross member The front and rear sheets of the goose- 
neck pass up over the top and bottom of the front cross member, forming 
a butt connection. Slots are cut in these sheets so as to plug weld them to 
the inch center rib 

The assembly of this gooseneck is accomplished in the following manner 
First, the two halves of the cross members are welded to the ij/j^-inch plate, 
then the front and rear sheets of the gooseneck are welded in turn to the 
plate and to the front cross members, (See Fig 12) Next, two 
plates are welded down the center of the Ij/i'inch plate tying the cross 
members to the center rib and preventing a corner concentration of weld. 
In the bottom part of the gooseneck is a bearing block which consists of a 
tube welded to two plates This welding is done before the assembly is put 
into the lower part of the gooseneck, and then the whole assembly is welded 
to the front and rear sheets. After this is accomplished, then the two side 
sheets of the gooseneck are welded to the front and rear sheet as well as to 
the front cross member The welds along the gooseneck are corner welds 
X iV^-inch slots are punched in these side sheets for plug welds 
which tie the side plate to the inside reinforcing plate A corner box-section 
type of gusset ties this side sheet to the front cross member, reinforcing the 
corner. In the upper part of this gooseneck, spacer plates are welded to carry 
the various sheaves which control the operation of the scraper A swivel 
clevis IS inserted in the bottom part of this gooseneck Originally this swivel 
was made of an alloy steel casting In the present design, it is constructed 
of burned plate which has two 2-inch ears welded on to it to form 

this clevis A saving was brought about in this change. The majority of 
the plates |n the front lift frame are now made of high tensile steel, resulting 
in a weight saving. 

Table XIV — ^Front Lift Frame Assembly 


Old Construction New Construction 


Description 

Ft Weld 

Cost 

Ft. Weld 

Cost 

14" Vee 

. 13' - 

- 9" 

$ 3 07 

10' 

— 0" 

$ 2 23 

14" FiUet 

17'- 

-11" 

2 00 

15' 

— 0" 

1 68 

K" Butt weld 

.. 39'- 

- 7" 

7 04 

35' 

— 2" 

4 47 

Vq" Vee - 

.. 72'- 

-11" 

24 06 

57' 

— 1" 

22 59 

Va" Lap 

. 78'- 

- 0" 

8 17 

47' 

-—8" 

4 98 

H" Fillet 

. 156'- 

- 0" 

24 96 

127' 

— 4" 

20 22 

Total cost - 



$67 30 



$5617 

Total saving == $11 13 
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Table XV — ^Plate Ccnstraction 


Descuption 


Old Construction New Construction 

Weight, Lbs Cost Weight, Lbs Cost 


I/ 4 " mild steel 

34^^ indd steel 

J/ 2 " and up mild steel 

manten steel 


. 138 

$3 45 

901/2 

$2 26 

. 195 

4 88 

41/2 

1 04 

.2282 

57 05 

986 

24 70 

.1427 

46 58 

2466 

80 15 

4042 

$111 96 

3584 $108.15 


Total saving m weight = 45*8 Lbs 
Total saving = $3 81 

Total savings on fiont lift frame assembly, as shown in Tables XIV 


and XV are as follows 


Total saving in weight = 458 Lbs 

Total saving in material and labor cost = $14 94, or 8 3% 


Front Lift Arm (See Fig 14) — ^Another assembly of the scraper which 
is also highly stressed is the front lift arm. This lift arm raises and lowers 
the bowl of the scraper by means of a link It pivots in two bearings which 
are bolted to the two brackets welded on the front lift frame This front 
lift arm has been designed so that a mechanical advantage is secured in 
favor of the cables which operate the sheaves located in the front end of 
the arms The amount of movement of the rear part of the lift link is 
sufficient to give us the required cut and spread on the cutting edge of the 
scraper. 

This arm is made up of four plates forming a box section. At the fuL 
crum point, a 3y2'mch. diameter bar is welded and this serves as the trun" 
mon of the lift arm A tube is welded in the back end. A link which 
connects to the bowl is inserted into this tube This is the mechanical link 
connection between this lift arm and the bowl The front part of this lift 
arm cames the operating sheaves and it consists of numerous spacer plates 
welded so as to form individual sheave housings A two inch cross tube is 
welded in the lower center section of this lift frame. This cross shaft is 
welded on the ends to gusset plates which in turn are welded to the side 
sheets of the lift arm. Corner gussets also tie the inside of this pm to the 
inside side sheets of the lift arm. The function of this pm is to serve as an 
anchor for the lift arm in carrying position, (See Fig 15) 

An automatic patented hook arrangement is attached to the front lift 
frame and hooks around this pin while the scraper is m transportation. The 
object of this is to take all of the load off of the cable This hook is burned 
out of 2''inch plate and it pivots about a pin which in turn is anchored to 
the top of the lift frame This hook is of the selTapplying type and auto^ 
matically releases as the hook is tripped past center 

Table XVI— Front Lift Arm 


Old Construction New Construction 

Description Ft. Weld Cost Ft, Weld Cost 


W Vec 

4'- 

- O'' 

$ 89 

3'- 

_4" 

$ ,74 

Fillet 

14'- 

- 2" 

1 58 

ir- 


1.30 

We" Lap 

2'- 

- 4" 

.20 

2'- 

-6" 

.21 

Fillet 

r- 

-U" 

.98 

5'- 


.62 

VnT Vee 

.... 6'- 

- 8" 

2 20 

3'-- 


1,10 

W Lap 

2r- 

- 8" 

2 26 

ir- 

*0" 

1.57 

W Fillet 

. . 26' - 

- 4" 

4.20 

21' « 


3.38 

Total cost 

- - 


$12 31 



$8.92 

Total savings $3 39 
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Fig. 15. Front lift arm with self-applied hook. 
Table XVII — ^Material Saving 


Old Construction New Construction 

Description Weight, Lbs. Cost Weight, Lbs. Cost 


Va** mild steel 76 $1.97 601/2 $1.51 

mild steel 65 1.63 51 1.28 

mild steel 315 7.88 8 .20 

Yl' and up mild steel 18 .45 13 .32 

high tensile steel 2Q0 6.50 


474 $11.93 332 / 2 , $9.81 

Total saving in weight = 141 !/2 Lbs. 

Total saving in cost = $2.12 

Total savings on front lift arm assembly, as shown in Tables XVI and 
XVII are as follows: 

Total saving in weight = 141/ Lbs. 

Total saving in material and labor cost= $5.51, or 22.7%. 

Wheel Assembly (See Fig, 16) — Originally, the rear wheel — 
chased from a local wheel company, and was bolted to a cast hub. In view 
of the fact that this wheel took a 15 -inch rim, the cost was high since there 
was no large production on this siz^. The machining of the hub was also 
expensive due to its 5 iz;e. These factors caused us to consider designing an 
all fabricated wheel, (See Fig. 17). The net result was that we decided to 
purchase from the wheel company the largest production rim which they 
manufactured. We then cut it in half and spread it to the required width 
by welding in a spacer plate rolled to the correct diameter. This rim was 
cut on a lathe and the tool used was a ‘W’^shaped tool which allowed us 
to make a Vee-type weld. 

The hub was next hot formed out of 1-inch plate and the same was 
welded with a triple-pass weld. This hub was then rough-machined on the 
outside. Next the outside disc plate was machine-burned and dished. This 
plate is now welded to the hub. The back disc plate is a straight Yi^inch. 
plate which is welded to a flanged ring and both these plates are in turn 
welded to the hub. This flammed plate is later machined to carry the brake 
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frame assembly. This machining is ail done in one setting, and the cost of 
It IS considerably less than on the previous design. 

These two disc plates are in turn welded to six equally^spaced reinforcing 
gussets. The rim, which has been widened, is slipped over these disc plates 
to the proper location and welded around both of the outside diameters of 
these disc plates After this wheel is fully welded it is finish^machined on a 
vertical bonng bar. This machining now is relatively simple and a consider^ 
able saving has been achieved Our production has been such that we can 
set up a motor driven welding fixture, and we can now make these wheels 
for a fraction of the cost of the wheels previously used 

Table XVm— Wheel Assembly 


Old Construction 

Weight of cast huh 222 lbs. 

Weight of wheel 216 lbs 


Total weight 438 lbs 

Cost of wheel and bolts $21.40 

Cost of hub @ 15c per Lb 33.30 

Machining labor for hub @ 1 00 per Hr 7 62 

Overhead @ 200% of Labor. 15 24 


Total cost $77 56 

New Welded Construction 

Weight of hub 152 lbs. 

Weight of run and rings 142 lbs. 

Weight of side plate 128 lbs 


Total weight 422 lbs. 

Cost rough machining hub @ 1 00 per Hr $ 65 

Machine burn, labor @ 1 00 per Hr 26 

Forging labor @ .75 per Hr 75 

Welding labor @100 per Hr 2 25 

Grinding and Cleaning @ 60 per Hr 60 

Final machining of wheel 3 76 

Overhead @ 200% of labor. 18 54 

Power and cutting' cost 75 

Electrode cost, 18 lbs @ .095 per Lb 1 71 

Steel plate, 128 lbs @ per Lb 3 20 

Cost of nm 15 60 


Total cost $48 07 


Saving in weight per wheel equals 16 pounds, or 32 pounds total for two 
Saving in cost per wheel equals $29 49, or $58.98 total 

Push Bumper (See Fig 18) — ^Attached to the rear part of the bowl of 
the scraper is a spring cushion push bumper. This consists of a Idnch 
plate forged into the shape of a mushroom top. At the center of this shoe 
a 5dnch diameter plate is welded. This plate butts up against the spring. 
The spnng, in turn, is partially enclosed in a tube^type of carrier which is 
closed at the rear. A bolt welded to this mushroom passes through the 
center of the spnng with a nut on the outside of the earner. This is to 
prevent the top from falling off. This tube in turn is welded to two plates, 
one at the front and one at the rear. These two rectangular plates in turn 
are welded to a box-'section type of frame. This type of frame bolts on to 
the rear of the scraper. 

This push bumper is a veiy necessary item on these scoops. As stated 
before, speed is of prime importance in this unit. Usually a contractor buys 
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several of these units at one time. He figures out his cycle of operation in 
such a manner that when one unit is loading, the other unit pushes on the 
push bumper of this unit, thereby increasing its loading speed. These push 
bumpers are also invaluable in helping to push the unit in case it is stuck 
in very unusual or soft terrain. 

A progressive contractor also maintams a push tractor on the cut, the 
function of which is to ""pushdoad'' the scraper units so as to speed up 
the loading cycle 
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There is no listing of comparative savings on the above mentioned push 
bumper since this bumper is identical with the one used on the previous' 
model scraper. 

In addition to the savmgs enumerated m the foregoing pages, numer' 
ous other savings were accomplished in the construction of some of the 
small details. For the purpose of simpliaty and so as not to make this paper 
too involved with small details, these savings will be combined under the 
“Miscellaneous Group” in the summary of savings listed m Table XIX. 


Table XIX — Summary of Savmgs 


Description 

Weight, Lbs. 

Material & Labor 

1. Bowl assembly 

1157 

$123 82 

2. Movable floor assembly- 

158 

.93 

3. Rear lift hnk assembly 

64!/2 

3 90 

4. Front apron assembly 

229!/i 

9 60 

5. Front Mt frame assembly — 

458' ” 

14 94 

6. Front lift arm assembly....,,— 

14154 

5 51 

7. Wheel assembly 

32 

58.98 

8. Miscellaneous 

65 

14 16 


■ 230554 

$231.84 
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If we manufacture 100 of these units, we will reali 2 ;e a saving of $231 84 
xlOO, or $23,184, due to the redesigned welded construction. This repre- 
sents a total saving on material and labor of approximately 15 per cent. 

The savings set forth in the previous pages cover those reali2:ed by the 
manufacturer. There are, however, substantial savings which the operator 
or contractor can realisje by having a unit which will travel twice as fast, 
carrying the same amount of load each trip as a crawler'tractor drawn unit 
As a result of this speed, the contractor is able to move twice as much dirt 
in the same penod of time as would be possible with the former construe- 
tion In this present emergency, where there is a shortage of steel and 
rubber, we have found it possible to increase the output for the contractor 
In other words, the contractors have found that one unit of our newly- 
designed type will do the work of two of the previous units, and therefore 
a material saving in steel and rubber is effected In the present rush of con- 
structing air ports, munition plants and army camps, this particular unit is 
proving Itself to be extremely valuable. 

Tables XX and XXI give comparative cost figures for units operating 
under similar conditions 


Table XX 


Estimated output in cubic yards of “pay dirt” per hour with 0-15 cable 
scraper drawn by Crawler Tractor, loaded on level ground with 100 H.P. 
Push Tractor of the Crawler Type (our former design). 


Haul One Way in Feet Pay Dirt Per Hour 

300 190 Cu. Yds 

400 170 

500 155 

600 125 

800 no 

1000 100 

1500 78 

Estimated Loading and Haul Cost for C-15 Cable Scraper 
Daily Cost — 10 Hours (scraper^tractor unit) 

Operator @ 1 25 per Hr $12.50 

Fuel, 55 gals @ 8^ 4 40 

Oil, Grease, Tires, etc 2 00 

Depreciation (10,000 Hours) 11 90 

Interest and Insurance 1.75 

Repairs, etc 2 00 


Total Cost (10 Hours) , . .$34 55 

Daily Cost — 10 hours (push tractor) 

Operator @ 1 25 per Hr $12 50 

Fuel, 40 gals @ 8^ 3 20 

Oil, grease, tires, etc 1 20 

Depreciation (10,000 Hours).. 6 50 

Interest and insurance 1 00 

Repair, etc ' 1,25 


Total Cost (10 Hours).. $25 65 

Assuming a 1,000 ft haul, one push tractor will be able to handle three 
tractor-scraper units 

Then, total daily cost= 3 x 34 55 = 103,65 
Push tractor == 1 x 25.65 = 25 65 


Total daily cost (10 Hours) $129.30 

$12.93 Cost per hour with pusher 

n o 

12 93/300 — ,0431^ = Cost/Yard on 1,000 ft. haul. 
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Fig. 17. Fabricated wheel assembly. 


Table XXI 


Estimated output in cubic yards of ‘^pay dirt’’ per hour with CT-15 
Hi-Speed Scoop drawn by a rubber tired tractor, loaded on level ground 
with 100 horsepower Push Tractor of the Crawler Type (new design). 


Haul One Way in Feet Pay Dirt Per Hour 

600 240 Cu. Yds. 

800 230 

1000 216 

1500 180 

2000 144 

2500 128 

3000 110 

4000 86 

Estimated Loading and Haul Cost for CT-15 High-Speed Scoop 

Daily cost — - 10 Hours (high-speed unit) 

Operator @ 1.25 per Hour .....$12. 50 

Fuel, 40 gals. @ 8^... 3.20 

Oil, Grease, Tires, etc 2.50 

Depreciation (10,000 Hours).... 1.... 15.00 

Interest and Insurance...; ... — 2.25 

Repairs, etc* — ... ......... 1.00 


Total cost (10 Hours)-. ,$36.45 

Daily cost — 10 Hours, (push tractor)-...-.....,. $25.65 

Assuming a 1,000 ft. haul, one push tractor will be able to handle 
three high-speed units. 

Then, total daily cost = 3 x 36.45 == 109.35 
Push tractor — 1 x 25.65 = 25.65 


Total daily cost (10 Hours) $135.00 
135.00 = 10 Hours = $13.50 Cost per hour with pusher 
At 1,000 ft haul = 3 X 216 = 648 Yards hauled per hour with three units. 
13.50/648 — .0208^ — Cost/Yard on 1,000 ft. haul. 

Therefore, .0431 — .0208 = .0223^ saved on each yard of dirt hauled. 

The contractor, saving .0223 cent on every yard of dirt hauled, could, on 
a project involving 1,000,000 yards, save in the neighborhood of $22,300, 
since he could complete the fob in less than half the time required by om 
former type of scraper. 
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Fig. 18, Push bumper. 

In designing this scoop we also kept the matter of service in mind. All 
of the parts of this unit are of welded construction, and if failure results 
they can be repaired by welding with a minimum amount of time lost. At 
the present time, practically every progressive contractor maintains welding 
equipment on the job to take care of emergency repairs. With the present 
national defense program, deliveries on steel castings are very uncertain and 
at best may take several months. Our new scoop, which has eliminated all 
but six pounds of steel castings, can be serviced very readily and economh 
cally by the contractor in the field through the use of arc welding. This 
new design with only six pounds of steel castings is far superior from the 
service angle to the former design which used approximately 3,261 ‘pounds 
of steel castings. It can be seen from this that delays due to breakdowns, 
which cost the contractor on an average of $216 per day per unit, are 
materially reduced with our new albwelded design. In addition, hard^sur^ 
faced parts which have become worn can be very readily reconitioned in 
the field by the contractor without delaying the job. 

The new scoop is also ideally suited for maintenance work because with 
the rubber'tired tractor it can be operated on present highways. It has been 
the consensus of opinion among the members of the road machinery in- 
dustry that when the present emergency has passed, there will be a large 
highway-building program. However, for the duration, the high-speed 
scoop is being used extensively to maintain existing hierhwavs in vond 
condition. 



Chapter X — 15-Ton Low-Bed Trailer Frame 


By James Black, 

Vice President in Charge of Engineering, 

Trailer Company of America, Oa\ley, Cincinnati, Ohio, 



Subject Matter: The joints in the steel sections are prepared by 
flame cutting. The assembly is placed in jigs and welded upside 
down. Considerable savings are made in both cost and in use of 
available space. 


James Black 


In 1936 with the advent of 15dnch base diameter low^speed high-capacity 
tires, we produced a trailer for transportation of machinery and the like and 
termed same '‘15-ton Drag”, (See Fig. 1). , 

The construction was riveted as was our standard practice. From time to 
time, these units were built in what was then termed large quantities so that 
a reasonable average of labor and machine hours was established. 

The unit was successful in its operation and performance, and divided it- 
self into 3 models, 15-ton, 20-ton and 25-ton units and became the standard 
of comparison. 

Constant demands of late for increased production on this and similar 
vehicles brought about an overloaded condition to our machinery, and our 
assembly lines were filled beyond capacity. 

We examined this frame to see what could be saved by welding, in order 
to reduce machining time, frame assembly time, and final assembly together 
with space hours. 

A completely welded structure was then designed. Each joint was analy2;ed 
and changes in the design will now be described in detail. Every part was con- 
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sidered as a separate unit to see that a minimum of machining and a maximum 
of tolerance was allowed, and which would bring out a rugged and accurate 
product. 

A photo of this unit is shown, (See Fig. 2), and each joint that is analy5;ed 
is marked. Sketches show it as it was and as redesigned to weld. As a plan, 
each new joint had to theoretically develop in excess the previous strength. 



Fig. 2. Joints described in text* 


There is an absolute similarity of parts in the original front corner joint. 
(See Fig. 3) , and its counterpart in welding. Included in the assembly of the 
side rail, two cross members, two intermediate members, and fifth wheel plate, 
were 104 holes to be punched, and 52 rivets to be driven. 

The design was changed to have four cross members of lighter weight in 
place of the 2 plus intermediates. Each cross member now carries but half the 
load that was formerly imposed. They are made of lighter material and formed 
from sheet rather than structural steel. 

This allowed punch press notching rather than coping or burning out to 
shape. 

The length is now controlled by rapid shearing rather than sawing and all 
four crdss members are alike. 

The cross members are butted into the frame and welded in completely 
around the top, and web one side only and lower flange is welded to the fifth 
wheel plate as is the fifth wheel plate *10 the cross members 3dnch skip 3. 

Positioning for all welding and amount will be discussed later. 

The original drop joint, (See Fig. 4) , of the rails was assembled of 9 parts 
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Fig, 8. Previous design and redesign of cross member and outrigger. 

on each side as shown and had therein 82 rivets per rail which meant, per 
unit, 328 matching holes and 164 nvets. In addition, each part had to be 
accurate to insure ahgnment of nvets. 

The new drop is made of five parts, which are in general, cut off within 
reason to size and jig welded to an accuracy and squareness which exceeds the 
riveted drop. 

The rear joint was flame cut to pattern as shown on Fig. 5, folded mto 
position as shown on Fig. 6 and welded. A reinforcing plate was mserted at 
point ‘‘A” which acted as a filler for the open triangle and reinforced the rail 
at the change of section as per calculations. The warping from flame cutting 
was not uniform and the rails required straightening. The new joint, (See 
Kg. 7), was developed to overcome this warp and reduce the work on the 
burner. 

Here we change from smaller number to simpler parts and use four parts 




SECTION I— AUTOMOTIVE 


97 


TPev/ou^ 2>es/^/? 


^e.cles/^/7 








Ccrp7erAn^IC 


Fig. 10. Pievious design and redesign o{ outer rail loint. 


at this joint in place of two. Welded in a jig, this straight-'cnt material, ex^ 
cepting the shaped reinforcement plate which is sheared from drop plate scrap, 
remains uniform after welding, decreases time consumed in making the joint 
and allows further jigging because of uniformity of results. 

The original design, (See left, Fig. 8), included cross member outngger 
units to allow a through-tension strap across the upper flange of the frame 
as shown. This did not allow rapid assembly through Jigging as the members 
had to be threaded on the mam rail. 

In redesign calculations, it was found that if the cross member and out- 
ngger were separated, a jomt stronger, (See right, Fig. 8), than the origmal 
strap could be had across the upper flange of the rail The speed of assembly 
in Jigs was the main factor in separation of the combmation. 

The origmal design of the trunnion cross member joint and earner, (See left. 
Fig. 9), was made by “crocking’’ the I-beam earner and riveting mto frame 
with comer angles and gussets. It required torchmg, welding and fittmg of the 
parts. 

The assembly required 72 holes and 36 rivets in addition to the forming 
and weldmg of the member which also had to tightly fit m the side rail. 

In the redesign to weld, (See nght. Fig 9), a cross beam was selected 
which would insert and fit tightly mto the side rail It was made short to allow 
the cross beam to be turned into position in the welding fixture. The joint to 
the side rail is attached with shear plates and the flanges welded to side rail 
flanges The gusset and straps are divided to keep the same trunnion height 



Fig. 11. PfeTious and redesigned ossembly of reor comer loint 
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Hg. 12. View on top side ol fig. 
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with a larger rear rail than before by allowing the trunnion bracket to be 
level with the bottom of the lail 

The outer rail joint on the original design, (See left. Fig 10), was riveted 
and due to the overall width bemg kept as close to the maximum allowable, 
the outrigger-outer rail fastening was made with corner angles and flat-head 
rivets through the outer rail 

Driving these outer rivets caused the rail to get out of shape longitudmally 
so weldmg was resorted to which took care of this condition and developed a 
satisfactory joint, (See right, Fig 10) In addition, 80 holes and 40 rivets 
were elimmated 

The assembly of the rear corner joint was previously accomplished by 
notching the rear cross member, fitting and corner anghng, and the skid rail 
was riveted on with spacers in place reqmnng for this assembly, 28 rivets and 
60 holes, (See left, Fig 11). 

The notching of the cross member was eliminated by usmg a wide outer 
spacer and weldmg from the inside 

The parts were so positioned that the welding made rounded corners re- 
quiring little finish 



Controlling the Duplication of Proper Weld — ^The analysis of welded 
joints showed we could standardize on fillet welds providing they 

conformed to an exact pattern and were made properly 

To insure this, was made a welding diagram for each jig in perspective 
where necessary, so that all joints would show clearly and in their position in 
the jig. Where the weld was skip type, exact amount was shown. 

Jigging for Speed and Space Savings — It was determined from examina- 
tion of the unit m feet of welding and loading time estimated, that certain 
subassemblies, such as the side rails should be made in separate jigs. 

The Side Rail — ^The side rails are welded in a jig in which it was deter- 
mined one jig making right and left units would suflEce for the reproduction 
required. 

The rails are originally placed m the jig with plates under the channel and 
welded as shown in Fig. 12, at bottom. 
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The rail is then turned over and welding completed on the reverse side 
as shown in Fig. 12, at top. 

The locating points on the jig holds the proper dimensions for further 
assembly in jigs. 

Other subassemblies were rear rail, wheelhouse plate, and trunnion shaft 
support. These were jigged in the same manner as the side rail. 

The main assembly is made upside down and welded as shown in Fig. 13. 

It was found practical to weld the outriggers, cross members and bulkhead 
vertically since the design provided the maximum stress be taken on welds 
made in the flat position. 



Fig, 15. Two traveling hoists lift and rotate the unit for welding. 


After removal from the main fixture, the frame is revolved and welded 
on the upper surfaces as shown in Fig. 14. This revolvement is accomplished 
as follows: The exact center of gravity of the unit was found by calculations 
and a line was drawn through where trunnions would allow balanced rotation. 
In the hole for the electric plug on the front, was inserted a trunnion bar and 
the rear trunnion was clamped on the skid bar. 

The unit is picked up out of the jig by two travelling hoists and is rotated 
readily by hand for welding the upper surface, (See Fig. 15). 


Chapter XI — De Luxe House Trailer 

By George J. Graves, 

President, Graves ^ Son Boiler & Mfg. Co. Inc., Jamestown, T^ew Yor\ 


Subject Matter: Trailer is rounded in front curving back over the 
roof in a streamlined effect. The base channel is 1 x 2 x 14 inch, 
supporting 1 x Yi'inch upright channels which carry the 20'gauge 
steel plate surface. A positive balhand^socket hitch is provided to 
the auto, giving good control on the road, and hydraulic brakes 
are provided on the two rear wheels. The cost without profit is 
$702. The interior equipment is all readily removable, allowing 
trailer to be used for other purposes. 


George J. Graves 

Before attempting to build this trailer, the author devoted considerable 
study to the conventional type of trailers now in use, to the extent of inspect" 
ing the interior and exterior of practically all makes. On a recent trip to 
Florida, an extensive tour of nearly all the trailer camps, and made notes of 
all the variety of designs, construction features, etc., also taking particular 
notice as to the road"ability of trailers on the highways, and finally came to 
the following conclusions: 

90 per cent of all covered trailers are built of wood framing, canvas and 
plywood cheaply constructed and of short life; most designs are homely, have 
made no provision for wind resistance, and are usually found on highway, 
bobbing and swaying; to the motorist passing by, they give the impression, 
they are about ready to take off or roll over; it is true most trailers are de" 
signed to have all the comforts of home, but who wants a home in a trailer; 
outside of Florida and the wide"Open spaces of the West, there are only a few 
places where people are allowed to park them; living in a trailer camp, crowded 
together with limited sanitary facilities may appeal to a few of our Americans 
but I am sure the majority object to living like gypsies. 

So, to invest money in a trailer to be used entirely for living purposes 
was “’out” as far as the author was concerned. 

Now there is no form of recreation enjoyed by the masses of Americans 
today any more, than the use of their automobiles to take trips near and far. 
Tourists are always confronted with the problem of, "where do we sleep now”. 
Then there is the sportS"lover who every year enjoys fishing, hunting, boating, 
camping or vacationing in some form of other, who also is confronted with 
the same problem of, "where do we sleep now”. This applies to salesmen 
and peddlers who have large territories to cover, and carry their samples with 
them for display purposes, to merchants, distributors, advertising organiza" 
tions, tradesmen, craftsmen, etc. 

All these and more are potential outlets for a trailer of the covered type. 

With these thoughts in the mind of the author, and the fact that he 
would like to own a trailer, to travel in, use for camping, hunting, fishing 
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Fig. 1. Angld view oi trailer showing portion of iront and side. 

trips, and when not in use for this purpose, to use in connection with his 
business as a means of transporting equipment and for display purposes, the 
writer was prompted to make plans for the immediate construction of a 
trailer. At this stage, there was the matter of determining the si 2 ;e most prac" 
tical, design to conform with the streamlined trend, strength, weight, cost 
and, in general, to produce a product superior to any as yet placed on the 
market. 

With a background of many years of welding experience, and the fabrica- 
tion of metals, using the arc welding process for 95 per cent of our work, the 
author presents the results of what was accomplished in the following study 
of his product. 

The picture in Fig. 1 is an angle view which shows a good portion of the 
front and side. It is attached to car and clearly shows the level-running 
position, due to correct trailer balance. * 

Note: Tn the accompanying pictures, arrows are used to point out cer- 
tain features. Arrows will refer to dijfefent items in each picture, and, in all, 
will completely describe trailer. 

Fig, 2 illustrates comparison of overall si^e*, to the si2;e of automobile. ‘"A” 
is the total length of body of trailer, which is 12 feet. '‘B” is the clearance 


Fig. 2. Size comparison q£ trailer and automobile. 
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from road load 12 inches, with all equipment removed 15 inches. Incidentally, 
part of the authors family is also shown in this picture. This was taken on 
a motor tour of 2500 miles, covering a period of two weeks and all of the 
nights were spent sleeping in this trailer. Parked off the main highway, the 
trailer was never detached from the car. Cruising speed averaged about 50 
miles per hour, and when the going was good was increased to 75 miles per 
hour. At no time was the car or trailer out of control. In fact, drag on car 
was hardly noticeable, and on only a few occasions was it necessary to shift 
into second gear. According to gasoline mileage on car, it amounted to a 
difference of 1 mile less to a gallon. 



Fig. 3. Direct side view of frailer. 


Fig. 3 is a direct side view at close range. “A’' is a low-pressure tractor 
tire, 10-inch rim, 24 inches outside diameter, 7l/^-inch width. Tire is designed 
to carry 1500 pounds at 30 pound air pressure, giving an excellent cushioning 
effect. “B” is the distance from body of trailer, to center of ball connection, 
which is 24 inches and is necessary for sharp turns. It is possible to "‘’jack- 
knife” trailer when it is attached to car. "'C” is a ventilator, 10-inch diameter, 
using a hub cap same as on wheels, and is arranged so it can be opened from 
inside of trailer. ""D” is one of the four running lights, red for back, and 
amber for front. 

Fig. 4 illustrates the means of entering trailer. "'A” shows how ventilator 
swings open. It has a locking device to adjust to any desired opening. ""B” is 
the rear entrance door which swings up like the trunk on a car and is held 
in open position by coil springs. Height of trailer floor from ground enables 
person to step into trailer easily. '"C” is standard car hub cap which forms 
center of wheel, and is held on with spring steel clips. 

Photo, Fig. 5, was taken from ladder, and clearly shows view of top, 
back, and side. “A” is stainless steel molding secured from an automobile 
dealer, and is bolted through steel covering of trailer. **B” is the rear win- 
dow, cut from J4"inch plate glass. Rear window is permanently set in a 
rubber channel and, cemented into place, is held by steel lugs. The two front 
side windows are made so they can be removed and replaced with a screen. 
However, as there is ample ventilation provided by rear door and top venti- 
lator, it is not necessary to open any of the windows. 

In Fig. 6 is another view taken from a ladder, showing top and back. 
”A’’ is a rubber strip which covers joint at top of door to prevent rain 
water from entering trailer. 
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''B’’ indicates the welded seams on roof of trailer, which are the most 
difficult to weld. They are the lap type of joint. 

Fig. 7 shows front and side view. “A” is a small third wheel, used for 
supporting front of trailer when not attached to car. Wheel and tire arc 
of the type used on wheelbarrows. The bracket holding wheel is made from 
steel plate, and has a stub shaft welded to it and extends through tube in^ 
sert as shown at ‘"B'’ allowing wheel to turn like a caster. “C” is the front 
window made from a piece of J4^inch plate glass and curved to conform 
with radius of trailer. “D’’ is the side panel which is the only flat panel on 
the entire trailer. Sheet steel covering is 20-gauge throughout. 



Fig. 4 , (left). Means of entering trailer. Fig. 5/ (right). View showing top# back and side. 

Fig. 8 is a front view with ‘‘A” as the overall width which is 72 inches, 
or the same width as the car towing trailer. By limiting width of trailer, to 
that of car the driver can maneuver through traffic without the danger of 
side-swiping other vehicles on the road. There are many instances when 
cars pass each other by only inches to clear. ‘“"B” is the brake arm extending 
through front' extension of trailer. It is attached to master cylinder which 
regulates hydraulic brakes on trailer. A cable is attached to this arm and 
brakes are applied mechanically from the driver’s seat. 

Fig. 9 is a direct rear view, with “A” showing width of door 36 inches, 
height 60 inches. Opening of this size permits easy access, and is large 
enough to allow bulky materials to pass through, such as furniture, boxes, 
etc. “B’’ is the space required for bunks, 26 inches from each side, and 
consisting of lowef* and upper, or accommodations for four people. “‘C” is 
the space between bunks which form an aisle 18 inches wide, leading to the 
front section of trailer. 

Fig. 10 is a front and top view taken from a ladder. ''A” is the ventilator 
tube which extends through to inside of trailer. A small fan can be mounted 
in this tube, increasing air circulation. is the junction of front ex- 

tension body of trailer. This joint is also welded. 

Fig. 11 is another direct rear view, with “A” as the height from floor 
to top of dome, which is 72 inches inside headroom of trailer. “B” is the 
dome section of top which allows people to stand in an upright position, 
after they have entered through the rear door. "‘C” is cap for ventilator 
which is fitted with a rubber gasket for tightness. 

Fig. 12 is a front and side view showing framework just as it was ready 
for covering. ‘A” is a forged steel trailer hitch consisting of ball and socket, 
securely welded to steel frame members. *'‘B” is the light upright channel 
Yi^mcix by 1-inch made from 16-gauge strip steel. The entire upper frame 
work is made of this channel. "‘C” shows the front roof channels, how they 
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are bentj and spaced equally around the entire front. Exterior steel covering 
butts together at each of these roof channels. 

Fig. 13 is another side view picture of framework. ‘"A” is a section of 
covering sheet steel 20'gauge tack welded onto braces from the inside, ap^ 
proximately 2 inches on centers, tacks J/^'inch long, and arc is applied mamly 
on 16'gauge channel to prevent burning through 20^gauge steel. B” is 
the housing covering wheels, made from lO^gauge steel, and also carries 
entire weight of trailer. ‘’‘’C” is the outside channel lx2xj/8^inch. This 
channel forms part of frame and extends around entire trailer. D is up" 
right channel J/^^lxlddnch gauge. “E” shows brackets and rollers that 
hold door in open position. “F” are coil springs fastened to brackets and 
trailer framework to furnish tension to hold door open. 

Fig. 14 shows back view of frame work. '"A’’ are bent channels forming 
the back curve. Channels are bent to ISdnch radius. '"B” is the rear bumper 
salvaged from a late model wrecked car. ""C” is a small rear view window, 
permitting rear vision to driver of car. This window is in direct line with 
front window, and makes it possible to see the road from driver’s seat in car. 

Fig. 15 shows front view of framework. ‘“‘‘A” shows arrangement of 
bent channel bars to form dome, “B” is the front window bars in this frame 
arranged to hold curved glass. ''C” are bent channels which form rounded 
roof. These bars are equally spaced on 7"inch centers. ‘"D” is conical 
cover of frame extension. Hydraulic brake mechanism is mounted under 
this hood. 



Fig. 8, (left). Another view of the top and hack. Fig. 7, (right). Front and side view. 

Fig. 8. Front view. 


Fig. 16 is a close"up of axle and trailer mounting taken with wheel re" 
moved. “A” is hydraulic shock absorber, salvaged from wrecked car. "'B” 
is brake drum, brakes and axle spindle, also salvaged from Plymouth car. 
'‘C” is trailer mounted on two coil springs, salvaged from Buick car. Springs 
will carry a combined load of 3000 pounds and only be 50 per cent com" 
pressed. ‘‘D” is a built"in plate support where springs rest on. “E” is one 
of 2 type rods holding axle in line, arranged to move up and down by ball 
and socket joints. In addition to these features there is a sway bar, attached 
to axle and trailer body, preventing side sway. 

Fig. 17 is a close"up of car and trailer. “A” is one of two safety chains 
required by law to prevent trailer from leaving car in the event of a broken 
hitch. ‘3” is the brake cable which is threaded through center of trailer 
hitch. Tension on this cable is always the same regardless of angle of trailer 
'‘C” is bracket ^d ball"and"SOcket hitch. Bracket is securely attached to 
frame of car. Hitch is a steel ball and forged steel socket. 
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Fig. 9^ (left). Rear view. Fig. 10/ (center). Front and top view. Rg. 11, (right). Rear view. 


Cost Sheet of Trailer — ^The list includes all materials and labor for 
complete trailer, exclusive of any interior furnishings such as bunks, cup'- 
boards, sink, refrigerator, stove, etc. 

As trailer is designed for a number of uses, it is not essential that 
furnishings be included. 

All materials are listed in the order they are to be used. 


Rimning Gear — ^Tires, tubes and rims ....$ 50.00 

Hubs, spindles, brakes 15.00 

Parts salvaged from car, extra heavy pipe axle : 2.00 

Shock absorbers, springs 5.00 

Third wheel tire, hub and axle 9.60 

Steel channels for main frame..^ — 6.75 

Steel channels for upper frame work 13.35 

Oxygen and acetylene, welding electrodes 10.00 

Sheets 20-gauge to cover bottom of main frame,— — . 5.45 

Sheets 20 gauge patent level for covering exterior — 24.00 

Paint for finishing outside of trailer 4 coats 9.50 

Paint for rust proofing inside of trailer. — 2.00 

Glass !4dnch plate for windows.... 12.00 

Rubberchannel for setting glass into frames 2.50 

Rock wool insulation to insulate floor. 4.00 

Plywood J^dnch thick flooring 16.00 

Inlaid linoleum for floor covering 15.50 

Running lights, tail, direction and interior.. 14.00 

Stainless steel molding for trim 7.50 

Rock wool insulation for walls and ceiling — 8.50 

Electric wires for lighting 3.50 

Plywood for interior trim and moldings 25.60 

Varnish for interior finishing .... 3.85 

Miscellaneous, screws, bolts, paste, etc 5.00 


$270.60 

Total cost of all materials. $270.60 
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Man hours for construction of running gear 24 hrs. 

construction of frame work 63 hrs. 

““ ““ applying metal covering 38 hrs. 

“ finishing exterior. 26 hrs. 

“■ electric wiring and install fixtures 12 hrs. 

“■ lining and insulating interior 47 hrs. 

interior finishing — - 16 hrs. 


226 hrs. 


Cost of labor 226 hrs. at $1.00 per hour ...$226.00 

Overhead of average Mfg. Co. 100 per cent of labor 226.00 

Total manufacturing cost $702.00 

Manufacturers profit and sales cost 33^3 per cent 234.00 

Sale price to consumer or user - $946.00 


Sale price to consumer or user - $946.00 



Fig. 12, (leit). Front and side view showing framework ready for covering. Fig. 13, (right). 

Side view of homework. 


Cost of materials and hours of labor as stated herein are true and ac^ 
curate. The overhead percentage of profit and sales cost may vary to some 
extent in the case of some manufacturers. However, as cost of materials and 
labor are based only on the construction of one trailer, it is entirely possible 
to construct and place on the market, a trailer of this she and type, well 
under $1000 and assure the manufacturer of a greater percentage of profits 
when building them in quantity. 

To the man or individual who may desire to build this type of trailer^ 
and who has the ability, can be assured the materials will not exceed $300 
wherever he may wish to purchase them. This does not include equipment 
such, as bunks, stove, sink, refrigerator, cupboards, etc. For a trailer of 
this she, an additional cost of approximately $200 will suffice. 

Cost Comparison — Due to the fact this trailer is of unique design, 75 
per cent steel and of welded construction, it is difficult to compare costs 
with the conventional designs now on the market. However, prices on 
trailers range from $600 to $1500 depending on she. Then the cost of 
this trailer is well in line, and with the advantage of indestructible lifetime 
construction, over the conventional types. 

Construction Features — ^From the accompanying pictures note that the 
only flat panels on this trailer are the 2 sides. In designing trailer, the au" 
thor knew that light sheet steel is inclined to warp, buckle, and twist when 
welded, and to eliminate thisdt was necessary that curves be used wherever 
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possible. There were no jigs, fixtures, or dies used to form any part of this 
unit. The only equipment necessary is an arc welder, an oxy-acetylene out^ 
fit, a flat-'top table, hacksaw, and vise. However, from a production stands 
point, it is entirely possible to build dies, and press out the rounded surfaces, 
thus reducing material, and labor costs considerably. All joints of frames 
work were arc welded together, and 20''gauge sheet steel covering was 
clamped into place and tacked from the inside, tacks approximately 2 inches 
on center and J4'lnch long. In tacking, considerable skill was required to 
prevent burning through sheet steel. 



ng. 14^ (left). Back view of framework. Fig. 15, (right). Front view of framework. 

The work of finishing the inside involved considerable time and patience. 
First, it was necessary to lay rock wool insulation in pad foirm in the lunch 
space formed by channels, on all sides and roof. Also the 2''inch space 
under the floor was filled with granulated rock wool. Then plywood J/ 2 unch 
thick was placed directly on channel frame, and screwed down using selT 
threading screws. On top of this plywood floor, a red^colored inlaid lino- 
leum was cut to fit and glued into place. For the side walls and ceiling, 
J4dnch birch plywood was fastened to inside of hinch channels and held 
in place by self-threading metal screws. A launch half-round wood mold- 
ing covered all butt joints of plywood. Then, entire interior was sanded 
and two coats of varnish applied. 

Total weight of trailer at this point is 1755 pounds. 

Interior Equipment — Due to the diversified uses of this trailer, the 
author designed all interior equipment so it could be removed. Self-support- 
ing bunks were made of light-'weight tubing, and equipped with springs. 

Bunks are placed on both sides, providing two lower and two upper 
berths, making accommodations for four people. During the day, upper 
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bunks swing up and book to ceiling providing seating space for eight people. 

In the forward end of trailer, there are three units built to dovetail into 
rounded front, consisting of single-burner stove, sink and refrigerator. The 
tops of these units form a circular counter, and the bottom cupboard space, 
and a place for a small tank of fresh water. 

In the rolled section at rear of trailer there is space for clothes presses. 
The space under the lower bunks is used for linens, blankets, clothes, fishing 
tackle, etc. This equipment is arranged so it can be removed from trailer 
in 15 minutes, permitting the entire interior to be used for any purpose 
owner may wish. 



Hg. 16« (left). Close-up of axle and trailer mounting. Fig. 17, (right). Close-up of car and 

trcdler hitch. 

Advantages — ^The dimensions of this trailer enable driver of car to 
maneuver more easily, get in and out of inaccessible places. One person- 
can push it about when detached from car. In traffic, it is possible to go 
wherever car can pass, because it is the same overall width as car. Trailer 
has advantage of less weight due to size and can be towed with less resist- 
ance and at greater speed. Streamlined design and low overall height cut 
down wind resistance. The design of running gear permits higher road 
speed with assurance of safety. Coil springs give knee action to each wheel, 
shock absorbers take care of rebound, and sway bar prevents body from 
ssmying. The all-welded steel construction will assure user of years of 
service and will not fall apart from road shock. 

Uses and Potential Market — ^This trailer was designed primarily for use 
on our highways for people who travel by car, including tourists, vaca- 
tionists, salesmen, campers, hunters, fishermen, etc. 

In addition to traveling, it can be used for commercial purposes, such 
as making deliveries of merchandise, farm produce, display purposes, field 
offices, particularly, at this time when the army is spread out over half the 
universe. The army could use a trailer of this type for officers’ quarters, 
field office, first-aid, Red Cross, and any number of uses where a roof over 
the head is essential. 

There is still another purpose this trailer can be used for and it would 
not occur to the average person. The trailer body can be used as a cabin 
for a boat. It is the intention of the author to build a shallow-draft all- 
welded steel hull, and mount trailer cabin on same, for use on inland lakes 
and rivers. If it were not for our country entering the war and placing a 
restriction on steel, this idea would have actually become a reality before 
now. 
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Chapter I — Welding Aircraft Engine Mounts Economically 


By Peter F. Rossmann, 

Chief of Miscellaneous Developments Research, Research Laboratory, 
Curtiss'Wnght Corporation, Airplane Division, Buffalo, T^ew Tor\, 



Subject Matter: Economics of arc welding based on a compara^ 
tive study of another method and arc welding under shop condi- 
tions The companson covers quality, speed, and cost and indi- 
cates marked superiority of arc welding in all three items 


Peter F. Rossmami 


The contents of this paper are based on the results of exhaustive studies 
and tests to make comparisons of arc welding and another method of 
welding in the manufacture of aircraft engine mounts The research which 
was under laboratory and time-study control under actual shop conditions 
treated the comparisons in terms of* 

I — Quality II — ^Time III — ^Cost 

The other method of welding as performed at this company is under the 
control of the Materials Laboratory Procedure, ‘'’Control of — ^Weldmg.” 
Arc welders are required to pass the same tests as are other-method welders 
and it has been demonstrated that a welder experienced with the other 
method can be trained to quahfy as an arc welder within a penod of 15 
days 

This comparison was made using present design standards Because of 
certain difficulty with fusion and penetration with former method of weld- 
ing heavy forgmgs to thm^wallcd tubmg, current design standards for the 
former method are bcheved to be extra-heavy with respect to arc welding, 
because the latter process can produce comparatively superior welds. 

This research project disclosed the merits of arc welding and the results 
emphasttcd advantages from which -the following general conclusions were 
drawn: 

I — Quality-— Arc welding motor mount assemblies performed as out- 
lined in this report, produces wdds superior in quality. 

II — ^Time — ^Arc welding would save approximately 73 per cent of the 
time now required to weld these assembhes. 

III — Cost — Arc wdding would save approximately 75 per cent of die 
present cost for welding operations of these assemblies* 
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Preparation of Samples — ^Welding Procedure 
Other Method of Welding — ^All welded samples were prepared in pro- 
duction by standard company welding procedure 

Arc Welding — ^The arc welded samples were prepared by using inter- 
changeably the arc welding equipment listed in Reference 12 

2^ter settmg in jig and tacking, all parts were preheated with an acety- 
lene torch to 300®-400°F before welding 

Parts A and B in Fig. 1 were welded with 5/3 2 -inch electrodes, and a 
welding current of approximately 150 amperes at 40 volts 

Parts C, D, E, F and G in Fig. 1 were welded with l/s-mch. electrodes, 
and a welding current of approximately 110 amperes at 40 volts. 

Note — ^Electnc arc welding presents some problems of safety on the part 
of the operator and workmen m the immediate area of the welding Proper 
arc welding shields are required for eye protection of the operator. Each 
operator should be screened off with fire-proof canvas or other proper booth 
to prevent eye injury to other operators or workmen m the immediate area 
of welding Proper electrical installation eliminates dangers which possibly 
may be present due to electric power supply for A C or D C welders 
Analyses of Deposited Weld Metal vs. Original Rod or Electrode — . 
Drillings of deposited weld metal were taken outside the zone of fusion 
with base metal. The analyses are shown in Table I 


Table I — ^Analyses of Deposited Wdd Metal vs. Original Rod or Electrode 


Former Welding Method 


Arc Welding Method 


Qualitative 
Analysis of 


1 Electrode 

Electrode 

Spec 

As 

As Dc" 

Spec 

As 

As De^ 

Spec 

As 

As De- 

Coatings 


Ref 6 

Reed 

posited* 

Ref 6 

Reed 

posited* 

Ref 6 

Reed 

posited* 

C% 





Present 



Present 


Si 





Present 



Present 


Fc 





Present 



Present 


A1 





Present 



Present 


Ca 




i 

High 


X 

3 

High 


Mg 

'S 

E 



High 



High 


Ti 

cd 

S 



Trace 


(0 

rt 

Trace 


Mn 

8 

u 



4 5%0 


l>s 

2 85(7) 


P 




G 

Low 


0 

Low 


S 

Mo 

§ 

O* 

a 


pH 

Low 

High 


■S 

Low 

Trace 


Ni 




t 

Trace 


1 

Trace 


Cu 





Present 


Cu 

CO 

1 Trace 


Cr ! 




>> 

Trace 



Trace 


W 1 





Present 



Trace 


V 


1 



Present 



Trace 


Quant 










Anal, of 




ft 



1E-2E 



(Metals) % 

06 Max 



S 



5E-6E 



C 

04 

07 

at 

.10 

08 

10- 18 

12 

1 08 

Mn 

25 Max 

12 

10 

CO 

n) 

' 51 

35 

30- 60 

.53 

1 30 

P 

04 Max. 

015 

012 

T3 

009 

027 

,04 Max 

007 

013 

S 

05 Max. 

.016 

013 


031 

010 

05 Max 

1 .022 

i 017 

Si 


01 

01 

01 

.06 

023 

08 Max 

! ,01 
.06 

Trace 

04 

.025 

Ni 




Cr 



05 

Trace 


Trace 

.06 

1 02 



Mo 




01 


.uo 

Trace 

V 


........ 




1 12 



(*)WiII vary depending upon the extent of puddling with base metal 
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Fig. 1. Collection oi arc welded plane ports. 

Sampling 

1. — Several motor mount sub'-assemblies welded by the other method 
scrapped by inspection and salvage departments for various causes. 

Base Materials to References 4 and 5 
Control procedure to Reference 1. 

Standard Company blue print heat treatment, after welding, to 
tensile strength of 150,000 PSI 

2 — One complete arc welded motor mount assembly and several sample 
sub'-assemblies 

Base Materials to References 4 and 5. 

Control procedure to Reference 1. 

Standard Company blue pnnt heat treatment, after welding, to 
tensile strength of 150,000 PSI 

Table II indicates the various tensile strength and hardness readings of 
representative cross sections of welded samples. 

Table II — ^Tensile Strength and Hardness Readings (See Fig. 2) 

Tubing and forgings indicate similar hardness in each case, since all were heat treated 
to a tensile strength of 150,000 PSI immmum (Desired Rockwell hardness of C32 
to 36) 

Weld metal hardness may be tabulated as follows: 



Range 

Estimated Average 

Rod, or Electrode 

Rockwell 

Estimated 

Equivalent 

T S. PSI 

Rockwell 

Estimated 
Equivalent 
T.S PSI 

Conventional Deposited Rod 

B64 to 94 

57,000 to 
100,500 

B80 

74.000 

Arc Deposited Electrode 

G22 to 31 

ns, 500 to 
146,000 

C25 

126,500 

Arc Deposited Electrode 

B8f to 95 

80,700 to 
102,400 

B90 

91,800 


These diagrams also illustrate the supenor penetration and superior fusion of the arc 
welded samples, when compared to mosc welded by the other method 
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Fig. 3. Deep-etched assemblies welded by the termer method (left), and oro welding (right). 

Terms of Comparison 

I — Quality — Quality tests were based upon exterior appearance, and ap" 
pearance of deep-fetched cross sections, the latter with respect to fusion, 
penetration, porosity (density) (and also Rockwell hardness as heat 
treated) . 

Sampling — Several assemblies (both arc welded and other method) 
such as shown in Fig. 1 were used for these determinations. 

Results— Exterior Appearance — ^Fig. 3 illustrates one sample each, 
other method and arc welded, forging to tube, Part B. 

Note — similar exterior appearance was attained with either of the 
arc welding electrodes, 

Deep-Etched Cross Sections^— In Fig. 4 is shown a representative series 
of three each, other welded and arc welded sections, after deep' 
acidf etching (50 per cent aqueous HCl). 

The three other welded samples are representative of 12 samples by 
eleven operators. 

The three arc welded samples are representative of 40 samples by a 
single operator. 

Density, fusion and penetration is superior in the case of the arc 
welded specimens. These remarks are more clearly illustrated in Fig. 5, 
at a magnification of 3 times. 

Note — ^The macro etches indicated the metal deposited by arc 
welding to be finer grained than that deposited by the other method 
of welding (both metals with simflar final heat treatment, as indi^ 
cated); 
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II — ^Tinie — ^The time study experiments involve the seven assemblies shown 
in Fig. 1, and were comparative, other method vs arc The comparative 
time studies involve actual welding time, plus an allowance m each case 
of an amount equal to approximately 30 per cent of the total (Total = 
Operation Time plus Allowance) This 30 per cent includes time re-* 
quirement for tacking, straightening, cleaning in the case of arc welding, 
and delays and relaxation. 

Other Welding — These were taken from time study department re- 
coords (Reference 8) 

Arc Welding— These were taken from a set of experimental welds, 
performed and timed by separate personnel 

Time required for total welding operations, plus allowances, is shown 
m Table III 

III — Cost — ^For a unit of cost comparison, one set of one each of the seven 
assemblies shown in Fig 1 was chosen (which was the same unit taken 
for the time comparison). 

For each case, other method and arc, costs were tabulated on the basis 
of material, labor and equipment, not including burdens 


Table III — ^Time Required for Total Welding Operations, Plus Allowances 



(A) Other weldmg, plus 

(B) Arc weldmg, plus tack- 


tacking and straighten- 

ing, cleaning welds, and 

Parts 

ing and allowances 

straightening, and al- 

Fig. 1 

Company time study in 

lowances Expenmental 


minutes 

time study m mmutes 

A 

275 

80 

B 

517 

125 

C 

76 

25 

D 

220 

65 

E 

140 

35 

F 

132 

40 

G 

128 

35 

Total 

1356 mmutes 

365 mmutes 


Arc weldmg saves an average of 73 per cent of time needed for welding 
the set of assemblies by the other method. 

Arc Welding 

1. Material — ^Under this charge was included power cost and electrode 
cost 

The power for electnc arc weldmg of each sub^assembly was determined 
by taking the amperage and voltage settings needed for welding each assem^ 
bly and making use of the formula KWH — volts x amperes x time m hours 
Cost of power was then determined by multiplying number of KWH by 
price per KWH. 

Electric power in KWH to operate an electnc welder at 150 amperes and 
40 volts, for one hour, is or 6 KWH 

To operate the same welder at 100 amperes and 40 volts for one hour 
requires- KWH = - - - ^ , or 4 4 KWH. 
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Electric power on 60 cycles, 440 volts for the company costs $0,015 per 
KWH. Therefore, to operate an arc welding machine at 150 amperes and 
40 volts for 1 hour costs: 6 X 0.015 or $0.09. The same machine at 110 
amperes and 40 volts costs: 4.4 X $0,015 or $0,066 per hour. 

Electrode consumption was estimated as 12 pounds maximum for the set 
of seven assemblies. Electrode cost then equals: 

12 X .09* = 1.08 for — electrode 
12 X .25* = 3.00 for —electrode 
(* Costs per lb. — Reference 9) 

2. Labor — ^An estimated labor cost of $1.10 per hour, similar to that for 
other welding was made for this work. 

3. Equipment — ^Arc welding equipment may be listed as welding machine, 
cable, electrode holders, shield or helmet, gloves, and booth partitions. Pur- 
chased new this equipment would cost an estimated maximum of $450. For 
6 hours of welding, equipment costs were estimated as $.07 maximum. . 

Materi^ and Equipment Costs for Preheating and Line-up — These 
charges were estimated as $1.00 for the set of assemblies. (This figure is 
nearly 15 “per cent of the remaining total costs and may, therefore, be re- 
garded as a liberal maximum.) 

The cost of arc welding is shown in Table IV. 

Summary— A comparison of the tabulated costs for other vs, arc welding 
indicates respectively a ratio of 4 to 1, i.e., torch welding costs four times 
that of arc welding; or, if other welding is considered a unit, then arc weld' 
ing shows a 75 per cent reduction. 
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Estimated electrode cost for the total = 12 X *09 for Electrode ...$ 1.08 

Estimated equipment cost for the total = *07 

Estimated material and equipment costs for preheating and line-up 1 00 

Total arc welding cost for the set, including material, labor and equipment, but not overhead .$ 9 86 

Note:^ — ^For — ^rod, the total is $10,18 
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Comments for Discussion 

Tendency for Cracking — No cracks in welds or adjacent to welds were 
found in any part used in these tests, either other^niethod or arc welded. 
Preheating is an effective preventive for weld cracking. 

Preheating — ^It is noted that with arc welding of these parts, the oxy^ 
acetylene torch is useful for preheating. The costs of this operation have 
been included in the total costs for arc welding, as tabulated in Table IV. 

Weld Cleaning — Other welding requires no cleaning by welders while 
arc welding requires approximately 10 per cent of welding time by welder 
to remove slag and spatter, and to examine weld. This time has been included 
in the allowances in arc welding cost chart — ^Table IV. 

Line-Up after Welding — ^The amount of line-up needed after arc welding 
is very little in comparison to that needed after other method. In both cases, 
this time has been included in the allowances. 

Additional Potential Savings — In the present report, all comparisons were 
made with similar design. Actually, since arc welding can successfully utilize 
welding electrode with greater strength of deposited metal, re-design of parts 
now used for the other method of welding may result in weight saving, with 
additional saving of time and cost. The advantages of arc welding for new 
designs is also evident. 

Concluding Comments — The engine mount unit analyzed in this paper 
was selected because it could be arc welded without redesign, consequently 
permitting a very exact comparison with the other method of welding. 

The use of arc welding simplifies process control in that time standards 
can be more accurately predicted and maintained. For example, an others 
method welder can puddle the weld or otherwise rework it, which requires 
additional time and gives a misleading impression of a better weld than an 



!’■ 


Fig. S. Cross sectioi^ of welds, tube and forging of engine mount ore welded Qeft). oth^r- 

meibod welded CrlgbD. 


120 STUDIES IN ARC WELDING 

arc weld based on appearance. In addition, although not mentioned in the 
paper, it has been possible to arc weld heat treated tubes and fittings without 
the need for subsequent heat treatment after welding. Arc welding anneals 
the adjacent material less than the other method. 

Arc welding produces less oxidation of the areas being welded, which 
condition suggests that the subject for future investigation should be that of 
determining the deoxidizing and decarburizing effects of various types of 
welding. 

In conclusion it is stated that it is not sufficient to merely utilize an art 
but to advance it. 
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Chapter H — Aircraft Propeller Blade 
By Dr. Elek K. Benedek, 

Consulting Engineer, General Hydraulic Co., Cleveland, Ohio. 



Subject Matter: Propeller blade for aircraft. A novel design for 
a heavy-duty propeller which will consist of a frame of beams and 
profile plates welded together and covered with a thin skin. 


Dr. Elek K. Benedek 


INTRODUCTION 

One of the most outstanding engineering problems of the aircraft industry, 
today, is the design of propeller blades for aircraft. The ejEcient transmission 
of huge horsepower such as 2000 horsepower per propeller, sets up new 
theoretical, as well as practical, requirements for the design. This is the 
reason that propellers made out of lighter-than-steel metals, such as aluminum 
or magnesium alloys will pass away as quickly as the wooden propellers did 
under the increasing demand of commercial expectations. Duraluminum and 
magnesium alloys, while they are very light, do not have the elastic stamina 
required for endurance. That the present solid aluminum alloy (lynite) pro- 
pellers cannot fill the further requirements needed by larger craft is well 
recogni 2 :ed, and is publicized by outstanding propeller specialists. Whereas, by 
giving the proper shape to the cross section of the steel blade it can be kept 
light, still its elastic energy remains several times greater than that of the above 
lighter metals. 

To alleviate the shortcomings of the conventional propellers, designers 
attempted to make the blades out of hollow steel, by the process of various 
kind of welding. Small and large blades were made of sheet metal by the 
process of welding, and were found very good in performance and endurance 
characteiistics. These results were due primarily to the outstanding mechanical 
properties of the steel as structural material, and to the reliable technique of 
the welding processes used. The best material, such as high grade alloy steel, 
when subjected to the best method of fabrication gave the best results under 
the complexity of heavy-duty performance requirements. 

Past practice and design of welded steel blades, however, did not solve all 
the problems of the rapidly growing aviation industry, particularly those which 
did not even exist until just a very short time ago. 

This is the reason the writer turned to this most vital problem of propeller 
blade design, and on the basis of past experience he believes that the complete 
solution of the propeller design lies in the direction of welded steel blades and 
propellers. Light metals, such as duraluminum and magnesium are deferred 
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already for the same reason as the wood, namely, for lack of elastic stamina. 
Ejficient design requires such production methods in which the best aerody^ 
namic efEciency is not only incorporated, but in which it will be always 
duphcated. 

Due to the possibility of uncontrollable mechanical and aerodynamical 
imperfection in conventional large blades, there are already so many vibrations 
in present hollow steel propellers, that even a classification of them is almost 
impossible. 

It IS the object of this paper to provide a more effective and simplified 
welded structure which will not only be better and stronger, but which will be 
more suited to production and control, and the ehmination of the above defects 
and vibrations. It, also, vnll be shown that welding is the best method today 
which can produce this improved steel structure, and that arc welding is 
cheaper and commercially more available than other more specific and delicate 
welding methods 



Fig. 1. Aero dynamlcol force ccfs in direction normal to chord ol proBle.. Hgs. 2 and 3. 

Traction force roi^dl 7 increases toward tip ol propeller. 

Welded Constructions 

(a) Welded Steel Propeller With Hollow Shank and Knife-'Edge Blade. 

Propeller blades are one of the most difficult machine elements to make in 
the aircraft industry today. This is due to the rigid expectation of the pro^- 
peller mechanism, which is in itself a complete hydraulic motor which has to 
transmit the engine horsepower into the flight power, at the best possible 
efficiency. 
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Transatlantic flight diagnoses show that the commercial possibility of such 
flights often depends on the increase of one single percent in propeller 
efficiency. 

Disregarding aerodynamical requirements, but remaining at the task of 
transmitting huge horsepower, such as 750 horsepower by one single blade, 
obviously requires the best that aircraft engineering can offer in all possible 
directions. Considenng, also, that the inevitable method of blade mounting 
at the end of a cantilever crankshaft is given, it is evident that a multiplicity of 
rigid requirements and problems present themselves for solution nght at the 
start, with the mounting 

Critical phenomena such as the flutter of the propeller is only a resonance 
between engine and propeller vibrations, but the forced vibration of the 
crankshaft is normal and it is carried over to the force vibration of the propeller 
blades The thrust of ‘each blade will impose a bendmg moment which is 
normal to the axis of the blade. The centrifugal force is the most critical. It 
acts axially on the normal section of the blade. 

For the purpose of simplicity, the consideration of other imposed stresses 
and phenomena are omitted in this discussion now, but it is pointed out that 
the basic improvement of the present design has reduced or fully eliminated 
hmitations and dangers m conventional propellers. 

It is well known that the major portion of the length of a lynite propeller 
IS so heavy that only a short portion toward the tip remains flexible. It is this 
flexible end, however, which breaks off and causes the pnncipal danger of 
conventional lynite propellers. The poor mechanical properties of the aluim^ 
num alloy are only partly responsible for the above limitations, i e , for the 
excessive weight of the blade, as well as for the breaking off of the tip. Other 
limitations are due to design factors These limited factors bar the lymte 
blades, however, from further application as longer blades on larger aircraft; 
and there is no way of alleviating these factors m the conventional design. 

Fig. 4, and Fig. 5, show a two-part welded steel propeller which climmates 
the above basic defects of solid aluminum alloy propellers The proper blade 1, 
is made of thin forged steel, and at its bottom, is arc welded to a hollow steel 
shank portion 2. This hollow steel portion is practically rigid, while the flexible 
or bufe'^edge portion is elastic. It is a knife-edge made of sprmg steel. The 
substance of this welded combmation is that the forced vibration of the entire 
blade will have a nodal pomt at the point of the welded connection and, thus, 
the blade 1, will have its own free and smooth harmonic osallation along its 
entire length. This vibration will be substantially different from the rigid 
forced vibration of the shank portion 2. The vibration of the entire blade will 
relieve the tip as well as any other portion of the spring blade from concen- 
trated vibrations and tip breakage. Part 2 is preferably made out of rigid 
seamless steel tubing of suitable material It is formed to the proper shape to 
receive the end of blade 1, and mounted safely against the maximum load. 

The welded mounting can be achieved by* conventional arc welding, 
preferably at two 2 K)nes, such as shown in Fig. 4, and Fig. 5. The inside and 
outside welds are both readily accessible for final finish since the shank is hollow 
and will be polished to the proper smoothness. The necessary heat treatment 
of the welds and the tempering of the spring blade, I, complete the 
process. It can be stated already that there is no chance of the breakmg off 
of the blades at the waUed-in and welded end. The good propaties of the 
spnng steel and tubing provide aU necessary rbistance to fffiis welded joint. 

Simultaneously, the refined aerodynamical profile throughout the entire 
length will improve the hydraulic effiqoacy together with traction of the 
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propeller as shown in Fig. 2 This figure shows that the traction force is 
rapidly increasing toward the tip of the propeller. See, also, Fig 3. Thus, it 
is obvious that the curve of the knife-edge blade will have a quicker pick-up 
toward the tip than the curve of the clumsy solid aluminum alloy propeller. 
This propeller supersedes also, in weight, the solid aluminum alloy propeller, 
which is an important design consideration. Due to the outstanding properties 
of the different steel portion, the shape can be made such that the blade 
stability as well as its radial strength will meet any necessary requirement at 
a minimum expense of weight This better streamhned profile will adapt the 
blade, also, for higher engine speeds without the necessity of using reduc- 
tion of gearing. 




r" 
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FIG- 4. 



£ 


SECT. A A. 
FIG.- 5. 


Hgs. 4 and 5. Two-part welded steel propeller which eliminates hasic delects of solid 

cdiuniniim type. 


It is admitted that the welding process occupies only a very small space 
in the entire manufacture of this blade, but that much greater is its impor- 
tance; and It has no substitute 

The danger of mistreatment of the parts by the method of conventional arc 
welding IS very small, since all necessary details may be obtained readily from 
welding speaahsts. 

Arc welding achieves the simplest, cheapest, and strongest connection 
between the two parts, 1, and 2. The fact that the two parts^ 1, and 2, may 
be manufactured separately and finished independently from each other, prior 
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to the welding is important from the savings and production point of view It 
reduces the cost of necessary machine tools, operations, jigs and fixtures, as 
compared with the cost of manufacture of the one-piece blade The entire 
blade, with the welded joint, can be polished internally and externally after 
the welding The danger of tip break-off is entirely eliminated and the low 
pitch vibration of the blade quiets the entire performance of the power plant, 
and the plane, respectively. 

The above method of fabrication is also applicable with proper changes and 
modification to non-ferrous alloy propellers While the conventional blade 
carries a long and heavy ineiEcient shank, with a short fluttering, inefficient 
tip, the present design embodies a light, hollow short shank, and carries an 
elastic, long blade, which is efficient throughout its entire length. It will be 
seen, also, that the arc welding, with selected simplified material and design, 
eliminates all scrap from the manufacture of the propeller blade, and thus 
It greatly reduces its cost through the saving in labor and material. 

(b) Welded Steel Propeller Blade of the Rigid Skin and Reinforced 
Structural Steel Type 

Some of the present-day conventional hollow-steel propellers have reached 
considerable success However, close consideration shows that the large 
blades, particularly, need considerably further improvement. 

One of the reasons for the limitations of the entirely hollow, conventional 
steel propellers, lies m the weakness of their design as will be clear from 
Fig 1 This figure shows that the resultant aerodynamical force R, of each 
propeller element acts in a direction substantially normal to the chord of the 
profile. Since the design of the conventional hollow steel propellers provides 
no direct strength or reinforcement m the normal direction, the matenal 
of the hollow section becomes weakened under the vibration stresses, and 
the section will burst 

The present design, shown in Fig. 6, and Fig 7, does not only alleviate this 
weakness, but readily improves the blade, by adding in the critical section 
of the profile a simple reinforcing member as at 5, in Fig. 6, and Fig. 7. This 
reinforcing member 5, passes throughout the entire length of the section, and 
places in the direction of the resultant aerodynamic load R, the necessary rein" 
forcement With its height and major moment of inertia in this direction, 
It will withstand and resist all loads and vibrations in this direction. At the 
same time, it brings into reinforced coaction the suction and the pressure side 
of the profile of the blade. This reinforcing coaction greatly increases the 
transverse strength and stability of the blade, and it qualifies the structure for 
moi^e severe applications than known heretofore A substantial weight reduce 
tion IS also obtained for the same reason. 

The reinforcing member, 5 , thus does not only add its own structuraP 
strength to the strength of the profiles, but it eliminates transverse vibrations 
of the suction and pressure profiles with respect to each other under the 
resultant load R. This latter vibration xs often called the breathing of the 
propeller. Its negative effect is the early failure of the matenal, and the reduc" 
tion of hydraulic efficiency of the blade. Evidently a vibratory profile has a 
worse arculation than a stable, positive, profile. Further, the reinforcing 
section produces a gam in hydraulic efficiency by way of better profile. WThen 
no remforang is provided m the hollow profile a heavier wall section auto- 
matically becomes necessary But reinforced with a longitudinal beam as 
at 5, gives the design a better streamlined profile. From the afove consideration, 
it IS obvious that this structure has a greater resistance to both torsional and 
centrifugal force vibration stresses, and will stand greater rotary speed. 
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Figs. 6 and 7. Simple reinforcing member added in critical section. 


A more^than-'two^compartment-'profile design is shown m Fig. 9* Here axe 
provided three beams, 7, 8, and 12, respectively, which divide the profile into 
four compartments. This design is provided for larger propellers where 
further reduction in weight, and gam in strength and rotary speed are 
imperative. 

As for the welding technique of such propellers, it will be seen that, for 
mstance, the central beam 7, is welded first to the top and then to the bottom 
of plates 10-10, respectively, whereupon, the front and rear beam 8, and 12, 
respectively, will be welded to the edges of the top and bottom plates 10-10, 
respectively. Thus, it is forming, so far, two closed compartments The 
leadmg end 2, and trailing end 11, of the section thus will be welded along 
the edges of the top and bottom plates 10-10, respectively, of the central com- 
partments and beams 8, and 12, respectively. It will be noted that this 
structure, while it provides simple means to comply with the ngid requirements 
of good ejfidency and perfect geometry of the profile, it gives, also, greater 
ngidity and strength at reduced weight per horsepower ratto. 

In the foregoing designs the profile plates 9, and 10, and 11, are contribut- 
mg substantially to the strength of the blade, since ^ey are heavy and in 
welded ngid coaction with the axially extending longitudinal beams 7, 8, and 
12, thus forming part of the whole strength structure. In the following modifi- 
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Hgs. 8 and 9 , (left). Design of more them 2-compartmeni profile. Figs. 10, 11, 12 and 13, 
(righi). Novel blade structure is improved streamlined for light-weight propeller of karger 

sires. 


cations, the strength structure will be separated from the skin plates or airfoil 
structure. 

(c) Welded Steel Blade of the Elastic Skin and Complete Structural Steel 
Body Type 

Fig. 10, to Fig 13, show a novel blade structure for improved streamlined 
and light-weight propellers of the larger sizes The combination comprises 
axially extending beams 13, to 20, properly spaced and positioned in such 
a manner that they give lateral strength and resistance against thrust, centri- 
fugal and torsional forces, and, at the same time, provide the proper form 
for an airfoil section as in Fig 11, and 12. 

At the shank, as in Fig. 12, the beams will be disposed in a similar way, 
inside a longitudinal straight cylinder. Further sections, as in Fig. 10, the 
profile plates 21, to 27, will be carefully formed and positioned to determine 
and fix the final relative position of the axial beams 13, to 20. The profile 
plates may be made by stamping as in Fig 13, and sawed to sub-sections to fif 
between the longitudinal beams 13, to 20, as in Fig. 10. Appropriate welding 
fixtures will enable the welding as at W. It will be noted that the beams 13, 
to 20, are the main longitudmal stress members and they remain integral 
longitudinally, as in Fig 11, to Fig. 12 The great advantage of the use of 
the stamped airfoil profiles, as in Fig. 13, is that they can be preset in their 
theoretical position by means of simple welding fixtures, and then be sawed 
into individual pieces pnor to the final weldmg assembly, as in Fig. 10. 

Each adjacent beam and profile plate, respectively, thus forms a plurality of 
cells which are yet open from the top and from the bottom, but will be closed 
by the skin. The skin may be wrapped around the strength structure, or pulled 
over on it, in stressed position from the shank end toward the blade. A two- 
part skin may be welded to the top and bottom of the strength structure along 
the longitudinal beams 19, and 20, respectively. The shank portion of the 
blades may be formed and finished as in Fig. 7, embodying the geometry of Fig. 
12. This design lends itself to very accurate profile control, and easy checking 
up of the pitch of the blade, particularly in aerodynamical respects. The skin 
may be made renewable, as primarily it is only a coverage, resting tightly 
against the beams md profile plates, and withstanding the vacuum and dynamic 
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pressure of the airflow. Since both the suction and the pressure are less than 
one atmosphere, it is obvious that very thin sheet metal skin will perforin this 
pressure duty Breathing of the profile is thus eliminated, and considerable 
weight reduction is obtained The repair of the blade, due to skin disease be- 
comes easy and effective by either exchangmg, or patchmg up the damage. The 
new elements, 21, to 27, increase torsional rigidity and transverse stiffness of 
the blade, smee they remforce the beams, 13, to 20, as did beam 5, on the 
profile plates 3, and 4, in Fig. 7 

The facts that standard material of good alloy steel, and standard welding 
process, such as arc welding, may be used in the production of propellers in- 
crease productive capacity and possibilities of the Aircraft Industry, and 
provide the large aircraft with efficient and safe propellers Due to the simpli- 
fied structure in this latter case, expensive dies are elimmated, heat treating 
processes greatly reduced or eliminated, greater finished values are produced, 
and further design changes at less expense are made possible 

Factors of Judgment 

(a) Proportionate Cost Savings per Unit Blade by Arc Welding of Type 
II (b) and II (c), respectively. 

Type 11(b) and 11(c) propellers may be compared with other propellers. 

Hollow steel types are made out of rigid shn, which is the strength-giving 
structure, and profile element of the blade In this design, the forming of the 
profile IS extremely difficult and warpage durmg heat treatment results in 
aerodynamic defects and unbalance of the blades Aerodynamic unbalance 
means small profile irregularities which cannot be controlled by the process 
due to the msufficient nature of the design. Resistance welding is now used 
in the Aero Product, propellers. This propeller is entirely hollow, since rib 
5, is missing. (See Fig 7.) 

The elimination of this defiaency by the new design permits a much lighter 
skin than the skin of the Aero Product design propeller. Also, due to the 
same reason, namely, the lack of remforcement 5, the heat treatment of above 
propeller is very difficult, and results m substantial warpage. Too much 
checkmg and a great numlier of expensive control dies, jigs and fixtures, and 
repetitions, are necessary. The thmner skin in the present design reduces die 
work, necessitates smaller presses, etc., smee it is much simpler to form the 
thmner sheets to the proper profile Hydrogen weld really is less adaptable 
to thmner sheets as it is difficult to control the weldmg at higher temperatures. 
Arc welding is controlled easier, and without skilled labor, furnishes repetitive 
results at lower cost. 

The brief outlme of the main reasons for savmgs, as above, with design 
11(b), and 11(c), clearly shows that while the total amount of weld, as one 
factor of the cost is practically the same in all of the designs, the immediate 
effect of rib 5, simphfies and controls positively the proper airfoil shape of the 
structure. It will be seen, also, that next to weight reduction, the proper 
shape is the most important factor m the production. Thus both weight and 
shape are greatly improved by the mtroduction of the nb element, J. Ihe 
main items of savings are as follows: 

(1) Savings in cost of material (thinner plates, less weldmg rods, 


etc.) y%min. 

(2) Savings in jigs and fixtures 10% mm 

(3) Savmgs in labor 12% mm. 


TOTAL 27% min. 
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Thus, the total relative savings figures from item (1), plus (2), plus (3), 
to a total of 27 per cent minimum.* Estimated savings are more than twice 
the relative savings. Cost of the jigs and fixtures will be distributed throughout 
a complete production period. First cost of two six-foot long blades was $215 
each. Propeller 11(a), two-part, knife-edge steel blade is new, and the first cost 
of two six feet blades was $250 each, without dies and fixtures. 

(b) Estimated Total Annual Gross Cost Savings Accruing From Arc 
Welding. 

1. The use of arc welding by the company in supplying its present orders 
of propellers in this novel arc welded design saves $5,000,000, in three-and- 
two-blade propellers, in figruing 25 per cent net savings for all size blades, 
and a cost of $150 net for each single blade, large or small. 

2. The use of arc welding by the American aviation industry as per the 
present design will save about $50,000,000 per annum, at the need of past 
peace time conditions. 

Remarks: The cost of competitive conventional propellers to which this 
paper made reference was obtained as close as possible from material obtained 
from scientific publications, as herein referred to. Due to the rapid progress of 
the use of the arc welding process, more favorable figures are expected in this 
field. 

(c) Outstanding New Results and Social Advantages of Arc Welding. 

The solution of the above problems by new design and arc welding un- 
doubtedly will produce such far-reaching changes and advantages in national 
security and economy, that they will affect the future life of every citizen. 
It will bring about a safer life, and sustain a better civilization. The quicker 
these new designs and methods are put into effect the sooner economic stresses 
will decrease, and human sufferings and misery will stop. It is hoped that 
the above research will, also, stimulate better and further research, and con- 
tribute to the structure of a better world and scientific civilization. 

Forward with the light of the process of arc welding! 



Chapter III— Redesign of Airplane Engine Tail Pipe 


By Martin Bulger, 

Foreman, American Airlines, LaCuardia Field, Jac\son Heights, 7^ew ’Tor\, 



Subject Matter: The author has redesigned the tail pipe to hip 
prove its strength and, thereby, eliminate the large waste incurred 
as a result of discarding the tail pipes when worn through at one 
end from motor vibration. The tail pipe is the section leading 
from the exhaust collector manifold and carries off the exhaust 
gases. The pipe is made of stainless steel. By adding strips ot 
stainless steel to the mounting Hp of the pipe, the author doubles 
the strength and thickness of the vibrating point and increases 
the life expectancy of the pipe. This addition is accomplished by 
means of arc welding at a total cost of $1.50 and would result in 
the saving of 50 per cent of the pipes necessary. 


Martin Bulger 


This present era, in world history, with its full and absolute deniands on 
time, manpower and materials, must of necessity bring about a change in valu^ 
and the methods of appraising these values. In my opinion, time and the elimi" 
nation of waste are the deciding and prevailing factors in our struggle to 
survive. It was with that thought in mind that the problem of the redesign 
of the tail pipe of the ‘‘GT 02 " airplane engine was approached. 

This particular innovation can be accomplished only by arc welding. An-' 
other method of welding would be completely impracticable, causing the pipe 
to warp and crack, and be unfit for any further use, 

The tail pipe, (See Figs. 1 and 2 ), is that particular section of the exhaust 
system, which leads from the exhaust collector manifold and carries ofiF the 
exhaust gases. Due to the constant vibration, the collars connecting the tail 
pipe to the engine exhaust- collector manifold, have a life expectancy of 
approximately 6000 hours. It has been the custom in the industry to remove, 
dispose of and replace this entire tail pipe section. The price per unit cost is 
$91.50, with labor approaching four hours each for two men. 

This tail pipe is composed of stainless steel about 52 inches long and 9 
inches in dameter. The collar section is connected by three onedneh lugs, 
breaking the exterior circumference into three sixdnch sections. It is these 
particular sections that are affected by the motor vibrations and wear thin, 
causing the removal and replacement, with the entire tail pipe going into 
the scrap heap. This means an annual consumption by average airlines of 
about 40 tail pipes a year, and by the industry as a whole, of a conservative 
175 at a total cost of $15,912.50 or roughly $16,000 plus the cost of 1400 man 
hours of labor necessary for the installation. 

By actual test, I have been able to redesign the unit as it leaves the factory 
to add 100 per cent longer life, and to effect repairs on present units to double 
their wear. 

This redesign is accofnplished by arc welding as follows: Lay out three 
pieces of stainless steel sheet, 2 inches by 6 inches by IS'gauge. Divide each 
strip into four equal parts. Starting at a point % 0 dnch below the lower or 

no 
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If (lefOf Subject of study. Fig. 2, (nght). Close-up of welds in tail pipe. 


inner lip, the part that will go on the collector manifold, cut an inverted V 
whose base is %'inch wide. This inverted V will take up the difference be' 
tween the outer and inner section of the collar which is belbshaped in design. 
These three sections of stainless steel are tacked on to the original collar then 
welded. This doubles the thickness and strength of the vibrating point and in' 
creases life expectancy by the same ratio. 

The three strips of steel cost 10 cents each. The welding rod is 25 cents 
and the time necessary to complete the job is slightly less than one hour. 
Total cost $1.50. Total saving for the industry is a 50 per cent reduction in 
the number of pipes necessary, a saving of the 1400 man hours for the installa' 
tion on the new pipes at the end of the 6000 hours of use. Each pipe weighs 
23 pounds or a saving of a ton a year. 

The data assembled in the preceding paragraphs pertain only to the tail 
pipe, which was the principal concern of this author when effecting his 
original innovation. There are, however, two additional sections, namely, 
the bell section and the expansion joint which are similarly affected, require 
almost as much time and labor, cost as much to install, but whose cost totals 
about half the exhaust pipe cost. 

In actual practice, it will be found that these figures of costs and savings 
are most conservative, It must be remembered that after the cessation of hos' 
tilities, an ainminded public will demand much more service, many more 
planes, more flying hours, and a proportionate increase iii the demands for 
materials which will effect an even greater savings. 



Chapter IV — Arc Welding of Magnesium Aircraft Structures 
By Vladimir H. Pavlecka and John K. Northrop, 

Chief of Research and President, respectively, 

?{orthrop Aircraft, Inc., Hawthorne, California. 


Subject Matter: The research work de- 
scribed has resulted in the development 
of a successful method of arc welding 
magnesium alloys in aircraft construction. 
A tungsten electrode is used in a stream 
of helium. Additional weld metal is fed 
from an uncoated electrode. The paper 
describes the design and fabrication of 
wings of “monocoque’' type from mag- 
nesium alloy, for trainer planes. 


Vladimir H. Pavlecka 

Monocoque Aircraft Structures — During the last decade, monocoque, or 
semi'^monocoque aircraft structures, in which all, or a substantial portion of 
the structure load, is carried in the skin, have come into general favor among 
airplane designers. A survey of modern aircraft finds few, if any, planes in 
which wings, fuselage, or tail structures are not substantially based on the 
stressed^skin principle, and many modern airplanes are almost solely depend" 
ent upon this principle for their long service life and rugged structural 
integrity. 

Pioneered more than 25 years ago, the airplane fuselage fabricated from 
glued and nailed wooden strips was the first element in which the stressed" 
skin principle was used widely with success. Beginning within the last 15 
years the same ideas have been applied with great advantage to steel, alumi" 
num, and magnesium parts, while the newer synthetic binding f^sins have 
been utili 2 ;ed with excellent effect to improve the wood"base structures of the 
pioneers of monocoque. 

The best and most efficient materials for use in pure monocoque con" 
struction are unquestionably those having low specific gravity and relatively 
high modulus of elasticity, in order that the material may have high com" 
pressive strength before buckling occurs. On this basis, certain plywood 
combinations, if uniform in quality and readily available in quantity, would 
no doubt prove of best structural value. 

Unfortunately, however, nature controls the quality of tree growth, and 
the quantity is very severely limited by the number of suitable trees already 
in existence at a time of emergency. Those with sufficient summers to rc" 
member World War I can vividly recollect the shortage of suitable airplane 
lumber, and the resultant sk 3 ^ocketing prices thereof, even as a result of the 
comparatively insignificant aircraft production of that day, and it is thought 
that even the most enthusiastic proponents of “plastic" (plywood) planes 
do not recommend their processes as applicable to more than a small portion 
of the present aircraft program. 

On the other hand, metals arc available (though rationed as to use) in 
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very much larger quantities Their qualities can be kept exceedingly uniform 
by companson with those of a grove of trees, and production increases are 
dependent solely on men’s energies and ingenuities. 

Stressed Skin Metal Aircraft Structures — ^These facts led the authors, 
early ip 1940, to choose the field of metals in a research program directed 
toward obtaining more efficient stressed^skin aircraft structures. While it 
was realised that the miracle of the organic chemist’s test tube might one 
day produce a ‘‘"true” plastic of outstanding physical qualities, nevertheless, 
the need was immediate, and there were available at hand metallic alloys 
having great promise 

In metals, as m other substances, low specific gravity in combination with 
high modulus of elasticity offered the most attractive field of research. 
Stressed-skm structures of steel have been commonplace in other fields of 
endeavor, but when designed to weight limits acceptable for modem aircraft, 
the result was almost always a comparatively thin sheet operating within its 
buckling range, and “stifFened” by a multitude of small formed beams, nbs, 
or stringers, spot welded or riveted to the main cover sheet Here the cost 
of forming, handling, tooling and assembling becomes a serious if not pro^ 
hibitive factor, although very efficient steel structures of a semi-monocoque 
type have been designed and built 

As the best known and most widely developed of the so-called light 
metals, aluminum and its alloys have come to be almost universally used for 
most external aircraft coverings 

Pioneered in European countnes, at first largely to carry shear and torque 
loads as a wing and fuselage covering, aluminum has become within the last 
ten years an indispensable and major element in the designer’s field of mate-* 
nals, and is used, reinforced by strips, extrusions, beads, or nbs, for the 
major portion of the structure on most military and transport aircraft that 
fly today. In the earliest examples, aluminum was used in corrugated form in 
an effort to increase the effective thickness, while later, smoother surfaces 
were demanded to reduce the excessive drag always related to external cor- 
rugated skin. 

Flat aluminum sheet, however, must be regarded as having a higher 
density than desirable, and is rarely used without some internal stiffening 
strips or corrugations Likewise, the comparatively thin cover sheets buckle 
withm the range of normal-flight loads, as can readily be seen during a short 
nde in a modern transport. Also, while spot welding has been developed to 
an excellent degree of rehabihty for many of the aluminum alloys, an exact- 
mg technique is required in its use, and many joints must be made where the 
physical limits of spot welding equipment do not permit its use. 

And so we find most modern aircraft to contain from 100,000 to over a 
million rivets, each requiring a layout, at least one and often two punching 
or drilling operations, and, m a majority of cases, the attention of two operators 
to drive. Then comes an individual inspection of each rivet \yhich, if not suc- 
cessful, reqtnres replacement and the expense and delays attendant thereon. 

A further stimulus to the search for better, cheaper, and smoother anroraft 
structures lies in the fact that great advances in the sdence of aerodynamics 
have proven conclusively that the effects of rivet heads, (even if countersunk), 
local budding* and gmeral surface irregulanties are muda more detrimental 
than previously believed, and that the aerodynamic form of the external surface 
must be smooth, umformly fimshed, and without local buddes if min imum drag 
IS to be achieved. 




Magnesium oUoy core welded. lelt: Peuenf metal at lop and weld metal ot bottom. 
Right: Parent metal ot left weld metal at right 
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Magnesium Alloys— All of the above consideration led, early in 1940, to 

a further investigation of available materials and methods of fabrication. As 
the lightest of generally available structural materials, magnesium ard its 
alloys soon proved most attractive. Less than two^thirds of the weight of 
aluminum, and not much over one^fifth as heavy as steel, such materials have 
a relative stiffness, for a given weight of 2.5 times that of aluminum and 19.5 

times that of steel. , • i 

First developed in the United States by the Dow Chemical Compiany as a 
relatively useless by-product, Dowmetal alloys have recently assumed greater 
and greater importance in the manufacture of aircraft. Available in cast, 
extruded, forged, and rolled form, these materials have first been used largely 
in engines wheels, other accessories and secondary structures rather than in 
primary parts, although usage in Germany (where the comparatively greater 
availability has rendered magnesium especially attractive) has been more wide- 
spread than in the United States. The facts that the production of magnesium 
is rapidly expanding, that the sources are inexhaustible (9,000,000,000 pounds 
in each cubic mile of sea water), and that next to beryllium it is theoretically 
the best possible material for simple metal monocoque structures, have assured 
its widespread use in aircraft. 

Research on Fabrication — Once a decision was reached as to the material 
attention was at once turned to methods of fabrication. Magnesium had 
previously been spot welded and gas welded successfully. However, rivets of 
magnesium alloy work'hardened so rapidly during driving as to prove impracti' 
cal, so that other materials had to be used for rivets in the assembly of magne- 
sium parts. Also, the ideal surface smoothness for which we have been striving 
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cannot be obtained by lap'-joints, whether riveted or spot welded, particularly in 
view of the comparatively thick sheets which are employed in pure monocoque 
design. Gas weldmg was available as a means of attachment, but gas welding 
could only be accomplished under the protection of a heavy flux, due to the 
extreme afEnity of magnesium for oxygen and nitrogen, particularly at elevated 
temperatures. And, unfortunately, the successful fluxes available were all of an 
extremely corrosive nature, and rapidly attacked the resultant magnesium 
assembly if the slightest contamination remained in the weld 

After many disheartening attempts, the path of research led finally to 
the consideration of electric arc welding which had previously been considered 
impossible on magnesium The first experiments led to many smalhmagnesium 
fires An ama 2 ;ing number of preliminary experiments can be imagined, when 
all possible variations in alternating and direct currents, polarity, types and 
materials for electrodes, fluxes, and blanketing gases were tned It is the 
belief of the authors that all the unsuccessful combmations were attempted not 
once but many times. Fluxes were soon abandoned from considerations of 
corrosion, and numerous efforts were made to weld, using various types of 
blanketing gases either in an enclosed space, or allowed to flow over the work 
from the vicinity of the electrode The first glimmerings of success occurred 
when the arc was struck between the work and a magnesium electrode which 
was supported in a hollow receptacle through which helium, under low pres- 
sure, was allowed to flow into the weld area. With this arrangement, however, 
the control of the flow of material to the weld was erratic and blobs of the 
electrode appeared in a disheartening array along the weld Vanous refractory 
materials were then tned for the electrode, and when the research program 
reached the stage where a tungsten electrode was used in a helium atmosphere, 
success instantly crowned more than a year of experimentation and the '’"Hell- 
arc” method of welding was born 

Electric Arc Welding of Magnesium — ^Basically, this method of electric 
welding, useful with all standard direct-current welding machines, consists 
m striking an arc between the work and a tungsten electrode, simuhaneously 
feeding helium gas to the weld area through an annular no 2 ; 2 ile surrounding 
the electrode, and feeding the additional weld material needed for the joint 
into the arc from an uncoated welding rod of substantially the same matenal 
as the work Reversed polarity is used, that is, the current flows from the work 
to the electrode The flow of helium, fed to the work area at 25 to .5 pounds 
per square inch, is controlled by a valve on the torch handle which is opened 
by the operator just before the arc is struck, and held open during the weld- 
ing process. The arc is very quiet during a '"Heliarc” weld, there is no tendency 
to sputter or throw materials from the weld as is sometimes the case with other 
processes, and a very uniform, high-quality weld can be obtained by an aver- 
age operator after short practice This method of welding will shortly be 
made available to the public under license, and while it was developed pnmari- 
ly for use on magnesium, it will probably find extensive use on alloy and stain- 
less steels, where the results seem superior to those obtained by any other 
known method. The quality of the weld is high, the strength of the joint 
varying from 80 to over 100 per cent of the parent material, depending on the 
alloy and weldmg conditions, and there seems to be no limitation in the type 
of joint that can be made— butt, lap, tee, comer, and angle joints being made 
with equal f aality. 

The helium blanket completely eliminates the use of any flux in the joint, 
and while minute quantities of tungsten are present in the joint, there are no 
adverse corrosive effects therefrom Actually, the weld appears somewhat 
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more corrosion^resistant than the parent metal, there being a slight electrolytic 
balance which causes corrosion, if it appears at all, to be present m the sheet 
adjacent to the weld rather than in the weld itself. This effect is so small, how" 
ever, as to be negligible for all practical purposes. Welds can be made with 
equal facility in rolled, cast, extruded, or forged parts, and some experiments 
have been made where cast and rolled or extruded parts have been welded to 
each other. 

The seams, fusion welded by the ‘"Heliarc” process, are distinguished by 
their metallurgical punty, homogeneity, and absence of inclusions Fig. 1 
shows a typical microscopic view of an etched “■Heliarc”^welded seam in 
Dowmetal JT magnesium alloy. From it will be apparent the close-grained, 
highly-packed fused metal, which has approximately two per cent higher 
density than the parent metal, acquired m the weldmg process. It will be 
particularly noted that the fusion boundary is gradual and deeply penerating 

A typical torch assembly is shown in Fig 2 Any good DC welding equip- 
ment IS suitable for use in the ''Heharc” method, and the process has a particu- 
lar attraction and importance in the United States, since our country is today 
the sole producer of this gas on a commercial scale and in large quantities, 
and also because considerable reserve volumes of it have been accumulated in 
the last SIX years. 



Fig. 2. Heliarc welding torch. , 

Design Considerations^ — ^Shortly after the first successful “Heharc” welds 
were made a large number of samples were submitted to the Army Air 
Forces Material Center, for test and mspection. Complete checks, includmg 
fatigue tests, were made and the weld qualities appeared amply good to 
warrant an immediate program whereby a primary aircraft structure, assembled 
of magnesium alloys by electric arc welding, would be built. As a result, a 
contract for a number of airplane wmgs for Army Air Forces BC^l trainer 
airplanes was given to this company early in 1941, and the design and develop- 
ment of these wings was begun at once, uang Dowmetal Jl-H alloy. 

It was reasoned that die application of magnesium alloys to aircraft con- 
struction could be accomplished along two different principles. The first and 
most obvious way would be to design a magnesium airplane ^xudairc for 
maximum weight reduction. This conception was studied wiA the conclusion 
that the undesirable physical properties of magnesium alloys (rapid strain 
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hardening, corrosion, etc.) would probably not permit a greater weight 
saving than approximately 10 per cent over a comparable structure made of 
alummum alloy In view of the established fact that only approximately one^ 
third of the weight of a modern military airplane empty is the airframe, or 
structural, weight, the total weight saving would, at best, amount to some 3 5 
per cent of the empty weight of the airplane. 

This slight gam was judged to be overbalanced by the necessity of an 
extremely careful and expensive design which would require the use of rela' 
tively thin gages of magnesium alloy sheet. It was therefore deaded to favor, 
in the design of these wings, the perfection of the aerodynamic shape and sim- 
phcity and low cost of structural construction These two qualities, in the 
estimation of the authors, are more important than small weight savings, pro' 
vided they can be gained without increase of commonly accepted structural 
weights 

The design cntenon adopted was, therefore, that superior and less costly 
magnesium airplane structures could be designed and built for the same weight 
as the present more expensive alummum alloy riveted structures. The resultmg 
design IS shown m diagrams, Fig. 3 and Fig 4. 

Design Applications — The wing design illustrated was not made analy^ 
tically by taking the weight of the present BC'l alummum alloy riveted wmg 
and reapportioning it to the various structural components of the magnesium 
alloy wmg On the contrary, the ‘"Heliarc” welded magnesium alloy wings 
were designed synthetically from the test experience and data already accumu' 
lated, and from the calculated loads actmg on the wmg. These considerations 
determined the proportions and distributions of the structural component 
parts and also the type of weldmg seams to be used in connecting them. 

The calculated loads were based on the same design factors as used m the 
design of the riveted alummum alloy wmgs already in service on BCT air- 
planes. Before the construction of the wings was begun, a very detailed weight 
analysis was made which indicated that the weight of the completed welded 
magnesium alloy wmg structures should be approximately the same as that 
of the aluminum riveted wmgs. This has been approximately confirmed by 
actual weighing of the finished structures. 

The BCT welded wings are designed on the semi'monocoque prmciple, 
with an mtemal structure, mamly for the purpose of maintaining form The 
pnncipal stresses, due to bending and shear, are earned directly in the thick, 
non-bucklmg outer shell The guiding design idea of structural simplicity was 
earned out to the extreme and it can be safely stated that there is hardly a 
part m the structure of the welded wmgs which does not directly carry a por- 
tion of the flight load. 

Structural Details — ^The whole wing structure is composed of only two 
basic elements: the sheet, forming the monocoque shell, and extruded sections, 
forming the internal structure. The versatility of arc welded construction 
made it possible to limit the number of various extrusions, such as ‘‘tees’\ 
angles, etc., to no more than four different sections. Furthermore, the prepara- 
tion of the profile sections and ^eets was greatly simplified, b^ause flanges 
for riveting, and elaborate tonplates for the Saaping of parts and the coordina- 
tion of multitudes of rivet holes, were no longer necessary. 

In order to provide ready access for inspection and repair, tihe wing was 
subdivided mto two prinajpal caissons by a span^se, qniddy-detachable grip 
joint on die upper and lower surfaces of the wmg. This joint faaHtates 
assembly and ^rvicing, the latter being particularly important in a military 




Fig. 3. Welded magnesium wing (top surlace). 










140 


STUDIES IN ARC WIELDING 


airplane Fig 5 shows the completed trailing edge portion of the wing This 
caisson can be assembled in a few minutes with a similar leading edge portion 
into an integral load^carrying structure On this structure there is fastened 
a ^‘‘Heliarc'’ welded wing tipj Fig 6» a welded landing flap, Fig 7, and a 
welded aileron, Fig 8. 

The internal structures of the nose and tail wing caissons are shown in 
Fig 9 and Fig 10, respectively. These parts are built up of “tee” extrusions 
and sheet, welded into simple rib arch shapes having approximately the wing 
airfoil contour. This work is done on the bench in simple, adjustable jigs The 
finished ribs are then welded onto the mam shear webs and to the connector 
gnp joints Tins work is done in rotatable jigs. Fig 11, and is easily accessible at 
all places where welding is required 

While the internal structure is bemg assembled, the monocoque shell panels 
are being prepared on a steel top bench The wing root matenal thickness 
of the monocoque shell is .150 inch on the top and 100 inch on the bottom 
These thicknesses dimmish in steps toward the wing tip, where the wing shell 
IS 060 mch thick on both top and bottom, as shown m Fig 3 and Fig 4. The 
butt seams between the sheets of the monocoque shell are scarfed and “Heliarc'’ 
welded at an angle of approximately 45® with respect to the principal stresses, 
so that the welds are subject mainly to shear stresses 



Kg. 5. (Top) Highly polished surface ready for chemical treatment and (bottom) trailing 

edge ccdsson. 


The nb arches are designed with vertical stanchions at the connector grip 
jomt, alternatively located on the nose and trailing edge caissons, Fig 9 and 
Fig 10. When dismantled, the wmg caissons are held in shape by these vertn 
cal nb members while, when the wing is assembled, they act as spandrel 
columns which carry th^ crushing loads induced by the bending deflection of 
the wings. 

The wing caissons are also equipped with supports and fittings for the 
controls of the ailerons and flaps, fetings for supporting the whole airplane on 
the ground from a jacking fixture, landing hghts, electrical conduits, etc. All 
of these accessones are directly welded into the wing structure. External welds 
are smoothed over to the outer contour surface of the wing. All internal welds 
are left imtouched e?:cept for brushing off the powder sediment after welding. 

The inner structure, when complete and after inspection, is welded to the 
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outer monocoque shell in jigs, Fig. 12. These jigs, as first designed, were rather 
heavy and complicated. Experience has shown that simpler and much lighter 
jigs would have been just as satisfactory and certainly cheaper and more con- 
venient. 

The wing structure also could have been designed on the “spanwise princi- 
ple\ that is by introducing spanwise stringers against the sheet and supporting 
them from a reduced number of ribs. The authors preferred the '"chordwise” 
system here illustrated, as being structurally sounder and particularly because 
of its attractive characteristic of greater chordwise rigidity to resist compressi- 
bility loads that occur on modern wings of fast airplanes. 



Fig. 6. Welded wing tip assembly. 

Manufacturing Problems — In almost all welding, a certain amount of 
shrinkage distortion must be allowed for. Magnesium is no exception to this 
rule, and this phenomenon was the cause of some of the most persistent and 
innoying difiiculties in the early stages of this development. A considerable 
[lumber of tests led to making proper allowances in lengths for shrinkage and 
this difficulty was solved satisfactorily, as far as the dimensional control was 
:oncerned, at an early stage of the development. Sharp distortion due to shrink- 
ige proved much more difficult to control In structures of this nature, distor- 
tion manifests itself principally as buckling of the monocoque shell, particularly 
It those places where the curvature is not pronounced. However, there was 
developed a simple and satisfactory method of dealing with the buckling dis- 
tortion, which does not harm the metal either internally or externally. This 
method has been used on the shell surfaces of the wings described in this paper, 
and by its use it is possible to obtain smooth, non-buckled surfaces after weld- 
ing. By this method, heat and pressure are applied to the buckled structure 
through the use of ironing pads which relieve the internal strain in the sheet. 

To make certain that no excessive locked-in strains are set up in "'Heliarc'’ 
welded structures, experiments were carried out to obtain the absolute value of 
internal strains in magnesium alloys induced by welding. At the worst, these 
stresses were found to be of the order of 1000 pounds per square inch maxi- 
mum, and are, therefore, of little consequence as far as the impairment of 
the integrity of '"Heliarc” welded magnesium alloy structures is concerned* 
This is probably due to the relatively low modulus of elasticity and low yield 
strength of these alloys. Both of these physical properties tend to adjust the 
metal structure readily to any internally impose<3 strains from welding. _ 

The amount of welding is not indiscriminate. Proportioning of the welded 
seams tx> the loads carried through them and selecting tte type of weld to best 
fit the conditions of elastic flexure of the structure ^ould be two recogni«.ed 
principles of electric arc welding application. It has been noticed that on a 
number of electric arc welded steel structures these orindnles have not alwavs 
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Fig. 7. Landing flap assembly. 


been observed The magnesium alloy ‘‘Heliarc” welded wings have been de" 
signed with great care in this respect Full length seams are used only where 
necessary Otherwise, the seams are of the interrupted type, either on one 
side, or of staggered interrupted type on both sides of the edge of a plate of 
an extrusion attaching joint. These practices were made possible by the hi^ 
metallurgical quality of the seams, their uniformly and relatively high strength 
For design purposes, the Army Air Force allowed 75* .9 per cent of the ultimate 
tensile strength of the metal to be used as the strength of the welded seams in 
tension. This figure is based on tests of seams made in the early stages of this 
development, and much higher uniform values are now being attained consist" 
ently as previously noted 

The wing tip and the aileron, (Figs 6 and 8), were made of 050 inch 
thick Dowmetal J"1 annealed alloy The reason that annealed metal was used 
for these two structures lies in the fact that loads on them are relatively low 
Since .050 inch was self"imp 9 sed by the authors as the minimum practical 
sheet thickness of J"1 alloy for this design, it appeared that annealed metal could 
be used with safety and with the advantage that such material is delivered 
flatter than the equivalent gauge of the cold"rolled, strain"hardened J1"H 
sheet Furthermore, the wing tips were formed to shape by drop hammenng 
heated sheet (approximately 60O°F), which would have obliterated most of 
the cold"rolIed strength of the JhH alloy. 

In point of accomplishment, the wing tips and the ailerons are even more 
noteworthy than the wings themselves Both have already been tested for 
strength and found to be stronger than necessary and also more ngid than ex" 
pected from past experience with comparable aluminum alloy riveted structures 

The utmost structural simphaty and the small amount of arc welding 
required to assemble the ailerons and the wing tips distinguishes these units 
as first class production articles 

The landing flap, Fig. 7, is an open structure, simple and easily accessible 
for welding The same few structural elements are used in its assembly as on 
the wings. 

The wings are attached to the airplane center section by riveted aluminum 
alloy flanges. This joint necessarily was copied from the aluminum alloy 
wings, because the arc welded wings have to fit, by exchange, a conventional 
riveted aluminum alloy airplane. 

Serviceability^ of Magnesium — ^In the past, magnesium alloys have suffered 
from two generally known and popularly misunderstood faults. One is the 
general fear of their inflammability and the other is a deep-rooted and, by past 
performance, 'Somewhat justified, conviction that these alloys corrode rapidly. 

As to the first, the experience of the authors is that the fire ha 2 ;ard has 
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been greatly exaggerated. Iq spite of the intensive welding development of 
these alloys in the shops during the last two years, the only fires involving 
magnesium were those started deliberately for test purposes, or in experiments 
before helium was used. It was discovered that the 2iinc chromate primer, 
generally used by the aircraft industry, acts as a potent fire inhibitor on 
magnesium, and that it is in fact impossible to ignite these alloys, even artificial" 
ly, if they are protected by it. Magnesium retains its elastic modulus to much 
higher temperature than is the case with aluminum alloys. This is an extremely 
desirable property and in practice it means that a 2;inC'chromate"protected 
magnesium alloy structure will not collapse as readily as an aluminum alloy 
structure might do if exposed to fire. 

The weather durability of magnesium aircraft structures in service is still 
undetermined. However, a wealth of artificial corrosion testing, and also 
gratifying results of the use of magnesium alloys on several truck bodies 
through a number of years, furnish convincing proof that corrosion is not as 
dangerous as is generally believed, provided proper surface protection is given. 
This protection consists of treating the finished, welded and cleaned structures 
with sodium dichromate and painting them with standard zinc chromate 
primer and two coats of finishing lacquer. This protection has been found to 
be sufficiently elastic under load, as well as abrasion resistant. 

One of the least desirable physical characteristics of the magnesium alloys 
is their inclination to strain corrosion. The elasticity of the surface finish helps 
here a great deal but, in addition, the authors deliberately avoided stress con" 
centrations in their design and saw to it that the maximum principal stresses 
anywhere in the wing remain low, viz. 12,600 pounds per square inch max" 
imum in compression and 19,170 pounds per square inch maximum in tension. 

Compared to the maximum allowable yield point in tension of 33,000 
pormds per square inch for JTH alloy, this utilisjation of the material seems 
wasteful. However, it was done deliberately in order to favor the rigidity of 
the outer wing shell, and also to diminish tendencies to strain corrosion. It 
is apparent, however, that as service experience is acquired it may be possible 
to design these structures for less weight than the equivalent weight of alumi" 
num alloy riveted structures, without abandoning the non^buckling principle. 

Static tests of magnesium wings have demonstrated that these wings are 



Hg. 9. Aileron ond lob ossembly* 
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Hg* 9^ (above). Leading edge wing irome and Fig. 10, (below). Trailing edge wing brome. 


Other hand, the reduction in number of parts for a given structure, and the 
possible reduction of drag of the finished airplane are factors of great im" 
portance. 

The former advantage may be visuali 2 ;ed to a limited extent by reference to 
Fig. 9. This photograph shows the complete internal structure assembly of the 
nose portion of the wing. All that remains to accomplish is the attachment by 
welding of the relatively thick cover sheet to the rib structure. A comparative 
check with a similar conventional structure indicates that the welded design 
has slightly more than one-half the number of feet of basic attachment of parts 
to each other employed in cases where riveted aluminum construction was 
used. In addition to this fact, the actual number of pieces required in the 
design is in the order of one-half the number required in the comparable 
aluminum alloy structure, so that the cost of fabrication may be expected to be 
reduced in similar measure. Unfortunately, at this writing the welded wings 
are only being produced in experimental quantities and no cost data on con^ 
ventional wing structures in comparable quantities are available to the authors. 

General Economic Evaluation — ^The actual structural cost, in itself, is still 
of minor importance in the overall economic advantage to be gained, however, 
because the most valuable contribution of this program lies in the possible 
reduction in drag of the finished airplane. Within the past few years a whole 
new family of high performance airfoils has been developed in which profile 
drag reductions of from 30 to 50 per cent have been obtained. These airfoils 
must be constructed with a degree of accuracy that is virtually impossible to 
obtain in conventional riveted structures- which develop surface waves within 
the flight range. Monocoque welded magnesium structures, however, are 
readily adaptable to these requirements. They are designed with comparatively 
thick skins which do not buckle locally within the normal range of flight loads. 
Their surface finish can be as smooth as that of a fine automobile, and held 
within accurate limits. The outer surface of all welded joints may be ground 
flush with the face of the surrounding sheet so that no measurable inequality 
occurs at seams or joints. Butt joints and seams in the surface covering are a 
normal design procedure, so that laps as well as rivet irregularities and local 
buckling may be completely eliminated. Depending somewhat on cover thick^ 
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ness and internal structure, some slight surface 

these, at the worst, can be limited to long waves of very low mapitude which 
do not adversely affect the drag of the structure. In summarizing tbs point, 
it may be said that a parasite drag reduction of at least 30 cent may 
obtained through the use of the new low'drag airfoils wbch, to «ie oest of 
the authors’ knowledge, can only be built to proper accuracy and finish in 
“Heliarc” welded magnesium, if metal is to be used. . 

Several extensive studies directed to the dollar value of aerodynamic ini' 
provement have been published in the past. One of these * has been selected 
as representative because it is written by competent personnel experienced m 
air transport operations and shows careful study of all operative factors in its 
preparation. To evaluate the direct effect of the possible saving m parasite 
drag under all conditions of speed, trip length, airplane sup, first cost, etc., 
would require an additional paper longer than this one. However, a near 
approximation may be made for reasonably assumed conditions. The article 
referred to uses a modern four^motored transport having a parasite drag 



Fiq, II. Trolling edge frame (above) and leading edge frame (below). 


coefficient of .024 as an example. For a trip-length of 900 miles, (correspond' 
ihg to a two'Stop transcontbental flight), and an operating speed (block'to* 
block or station'to'station) of 250 miles per hour, the cost of transporting one 
ton of payload per mile is estimated as 30 cents. If the parasite drag is reduced 
30 per cent to .0168, the cost per ton mile is reduced to 17.5 cents, evidencing 
a net saving of 12.5 cents. The payload for such a trip in the example air- 
plane may be conservatively assumed to be TVz tons, so that our gain in operat- 
ing cost per mile of flight is 31.25 cents. We now multiply the saving per mile 
by the speed in miles per hour (250) and the reasonable life expectancy of the 
airplane of at least 15,000 hours, (many modern transports are charged off 
over a six-year period, wbch corresponds to nearly 20,000 hours), and wf 
arrive at the rather staggermg total of $1,172,000 per airplane. In the light 
of such figures, it may bfe seen that from a broad viewpomt it isn’t particular^ 
important whether the “Heliarc” weld costs more or less than the riveted jomt 
as the savmg is about five times the total original cost of the airplane. The 
variation in cost between welding and riveting could be several hundred percent 

•“Some Economic Aspects of Transport Airplane Performance” by W. C. Menttet 
and Hal E. Nourse. Jour. Aero. Sd.. Vol. 7. pp. 227-234, 302-308 (1940) 
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Fig. 12. Main wing jig trailing edge portion. 


either way without greatly affecting the ultimate economic value of the aero- 
dynamic gain involved. If we care to make one more step, and multiply the 
saving per airplane over its life by the approximate number of transports in 
operation in the United States prior to Pearl Harbor (say 400), the saving 
over the life of these ships is $468,800,000. 

The above figures are conservatively based on modem four^motored trans' 
ports of a type in use on American airlines in 1941. Recent airplane develop' 
ments presage the day when aerodynamic refinements may greatly reduce the 
use of items contributing to the parasite drag, such as fuselage, tails, and engine 
nacelles. On the alhwing airplane of the future, the difference in drag be' 
tween a converitional riveted aluminum airfoil and the low'drag wing made 
possible through magnesium “Heliarc” welded may be as much as 50 per cent. 
Leaving all other assumptions as they were, and for the same si^e airplane 
the saving per tommile becomes approximately 20 cents, the saving over the 
life of the airplane $1,875,000, and over the life of the 400'ship fleet, 
$750,000,000. 

These figures are all based on a 900'mile trip. After the war is over, trans' 
ports flying across the nation in eight to ten hours, and with only one stop, 
will soon go into service. On such longer hauls, the figures become even more 
impressive because the longer trips require a higher percentage of useful load 
to be devoted to fuel, and this increases the percentage of saving per ton'mile 
through reduction in drag, out of all proportion to the increase in trip length. 

Truly, the United States, with an unlimited supply of sea water, and the 
only known large reserves of helium gas, is in an enviable position. Perhaps 
the green glow of the “Heliarc” is tinged with gold— or something even better 
— ^the power to serve mankind through an ever-increasing abundance of the 
things that make life worthwhile. 




Chapter V — Arc Welding Airplane Boilers 

By H. A. Lebert and S. B. Willoughby, 

Inspector and Arc "Welder, respectively, 

United Airlines Transport Corporation, Cheyenne, Wyoming, 


Subject Matter: Arc welding has made pos' 
sible a new type of boiler of light weight, 
low cost, and long service life. Arc welded 
seams withstand the corrugating process 
used in forming the core and shell of the 
boiler, whereas other types of welded seams 
do not. 


United Airlines, as one of the leading users of DC'3 Douglas air trans^ 
ports, has long been aware of what might be called a “weak link” in this 
airplane’s makeup, namely:. the heating system and, more specifically, the 
boiler unit of that heating system. 

The DC'3 has always used the “steam” system wherein water is con" 
verted into steam by contact with metal which has been heated by the engine 
exhaust gases. The steam is conducted to a tubular radiator inside the air" 
plane and gives up its heat to a stream of air brought in through a “nose 
door” located in the nose of the plane’s fuselage and carried through the 
radiator by means of ducts to the various parts of the plane’s interior. The 
steam condensate is returned to the boiler and again converted into steam. 

Suitable. valves and regulators are used to maintain about 15 pounds steam 
pressure throughout the system. A surge tank serves as a reservoir to com" 
pensate for varying demands on the system. 

The radiators give practically no trouble in service; the valves and piping 
give average or expected service while the boilers, as mentioned before, are 
5ie “weak link” in the heating system. 

The original Douglas factory boiler was of tubular construction using 
some 18 tubes of varying length by Y^'inch diameter and made of stainless 
steel. These tubes were welded to suitable headers and located in the path oi 
the exhaust gases from the engine. Water was fed into the lower header oi 
sump and converted into steam as it contacted the exhaust"heated tubes. 
The steam thus formed was conducted to the radiator where it gave up its 
heat to the incoming fresh air for the cabin. The resulting condensate was 
returned to the boiler to be used again. 

This type boiler, which we shall refer to as the tubular type boiler, has 
been used with success by some airlines notably American Airlines Inc. In 
fact this type boiler was so improved by the use of arc welding that twc 
members of American Arlines personnel won well deserved awards from 
the James F. Lincoln Arc Welding Foundation in the Foundation’s 1937"3S 
program. 
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In view of such improvement the question might well be asked: ''Why a 
different type of boiler?’’ The answer lies in the fact that while all Douglas 
DC*' 3 airplanes are like so many peas in a pod in many respects, there is, 
however, one important difference between the DC" 3 equipment as used by 
the various leading airlines. That difference is the make and type of engine 
used. 

To clarify: American Airlines uses the Wright, single-row, 9"Cylinder, 
air-cooled engine whereas United Airlines, in contrast, uses the Pratt and 
Whitney twin-row, 14-cylinder, air-cooled engine. Since both these engines 
give off plenty of hot exhaust gases for boiler heating, the question is fair: 
"What difference does it make which engine is used?” The answer is 
vibration. 



Fig. 1. Forming the stainless steel after It is cut proper size. 


The periods of vibration encountered with the use of the twin-row, 
14'cylinder engine, while smoother to the passengers nevertheless are any- 
thing but friendly to the stainless steel tubes in the tubular-type boiler. The 
welds did not fail under vibration but the tubes did. Seams would open in 
the bends of the tubes with clock-like regularity after about 100 hours’ 
service. 

Thus, it can be seen that the answer to one airline engineer’s prayers is 
hot necessarily the answer to some other airline’s problem. 

In order to combat this "demon” vibration, one of the writers, H. A. 
Lebert, early in 1938 designed what is known as the United Airlines '‘cor- 
rugated boiler.” This design did not permit vibration of any of its parts yet 
provided flexibility to compensate for wide extremes of temperature with 
attendant expansion and contraction. The first units were made in a drop 
hammer, as stampings, that is, sheets of stainless steel were formed into half- 
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tubes, placed between male and female dies and the corrugations stamped one 
at a time. Then the two half -tubes were trimmed to match and gas welded 
on each side to form a continuous corrugated tube. This tube formed the 
core of the boiler. Two similar stampings, but with shallower corrugations, 
were then stamped, fitted and welded on the outside of this core to form the 
boiler shell or jacket. The hot exhaust gases from the engine came in contact 
with the core, thus heating and converting into steam the water which was 
introduced between the core and the jacket. The finished boiler looked very 
much like the boiler shown in the accompanying photographs. It was a 
success in combating vibration and gave at least twice the service life pre- 
viously obtained from the tubular type boiler. 

The Douglas factory had repeatedly reduced the price on its tubular type 
boiler until it stabiii 2 ;ed at $150. United Airlines could make the stamped, 
gas welded, corrugated boiler for an average price of $60 per unit. This 
price would vary slightly on different lots of manufacture depending on 
whether a standard grade of 18-8 stainless steel or the more expensive Inconel 
was used. 

We should like to point out that all price figures used are United's cost 
in time and material plus 100 per cent for overhead. 

It might also be well to mention at this point that United Airlines has 
never patented this corrugated type boiler but has made its design available 
to the industry. For a time, United supplied such airlines as Northwest, 
Pennsylvania-Central, Pan-American and K.L.M. (Holland) with corrugated 
boilers of United^s manufacture. Many of these companies now make their 
own boilers patterned on United’s design. A few units are still sold by 
United but United’s prime interest is the supplying of the needs of its own 
fleet. 

As mentioned above, the stamped, gas welded, corrugated boilers cost 
approximately $60 to manufacture. This $60 represented $15 for labor and 
$15 for material or $30 per boiler, plus 100 per cent overhead. 

No one could or did object to a boiler cost of $60 compared with a 
factory price of $150, especially when the corrugated boiler gave a service 
time of 250 hours as compared with 100 hours for the tubular-type boiler. 
Since the tubular-type represented an investment of $150, it was felt that 
repair should be made at the time of 100-hour failure. ‘Such repair was 
usually made with the result that an additional 25 to 75 hours service was 



Fig. 2. Welding core blanlcs in fixture. 
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obtained. However, it must be remembered that this "'first failure’’ is im- 
portant as it may result in a “cold trip” with resultant passenger discomfort, 
delay, etc. These are intangible costs but of great importance in the success- 
ful operation of any airline. 

With its greatly reduced first cost the corrugated boiler could be junked 
at the time of its first failure (250 hours) on a “dollars and cents” basis if 
desired and thus not run the risk of an early second failure after repair as 
happened with the repaired tubular-type boilers. 

The stamped, gas welded, corrugated boiler was, in brief, a decided im- 
provement in cost and service over the tubular-type boiler for use on twin- 
row engined DC-3 airplanes. However, the writers were not satisfied. The 
two welds on either side of the core represented a lot of welding that was not 
easy to get at. The two stamped halves of the core had to be trimmed to fit — 
a waste of material and time. The service time ceiling, we felt, could be raised. 

This thought kept recurring: why not roll a sheet of stainless into the 
correct si2;e tube and then roll the corrugations into this tube? 

Always the same speculative answer: “Can’t be done! Even if the stainless 
steel would take su'ch a beating the weld never would!” 

And the critics were right insofar as a gas welded seam was concerned. 
But they failed to take into account an arc welded seam! 

So it was that early in 1940 we started on the process that has evolved into 
the present sequence as shown in the photographs with this paper. Through 
the use of arc welding, we have reduced the manufacture of corrugated 
boilers to its simplest form. The least expensive type of 18-8 stainless steel 
was found to last almost as long as the more expensive types. Labor opera- 
tions have been reduced to a minimum. 




152 


STUDIES IN ARC WELDING 



Fig. 4. Set-up tor turning concentric grooves. 

To break down a typical lot of boilers, let us look at Shop Work Order 
No. 9797 for the manufacture of 80 corrugated boilers. This specific work 
order when completed had a total labor charge of $472.35 covering 531^4 
man hours. The total material charge was $624.94 giving a total of $1097.29 
for 80 boilers or a unit cost in time and material of $13.72, ($27.44 each 
with 100 per cent overhead) . These 80 boilers gave an average service life 
of 400 hours. In view of the extreme low first cost it is apparent that a boiler 
can be discarded upon its first failure. There is no high first cost to dictate 
repairs and questionable second-hand life. 

It will, thus, be seen that boiler life had been stepped up some 4 times 



Fig, 5. Grooves fonned in welded seam. 
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(100 hours to 400 hours) while cost had been stepped down from $150 to 
$27.44 ($13.72 plus 100 per cent for overhead). Or to compare with the 
former stamped and gas welded corrugated boiler, we have a reduction in 
cost from $60 to $27.44 a saving of $32.56 or 54 plus per cent. The total 
fleet savings on 40 DC-3 airplanes over a year’s time would approximate the 
saving per unit multiplied by 400 (10 boilers per plane per year) or $13,024. 

The yearly savings over the factory supplied boiler at $150 would be 
much higher: $150 less $27.44 times 400 or $49,024 and that would be on 
the assumption the factory or tubular boilers lasted as long as the corrugated 
boilers. Actually the tubular type has but one half to one fourth the life of 
the corrugated boiler when used in conjunction with twin-row engines. 



Fig. 8. Another view of the corrugating operation. 

It would not be fair to compute savings to the entire industry since the 
tubular boiler has proved its merit on single-row engines such as used by 
American Airlines, However, to the credit of the corrugated boiler it can be 
said that over 2000 units have been manufactured by United Airlines alone. 
Of these, at least 1000 have been of arc welded and rolled construction. 
They are in service in the far corners of the earth having been sold to, such 
fenflung lines as Pan" American and K.L.M. of Holland. In addition, our 
design has been adopted by Northwest Airlines and Pennsylvania'Central 
for their own manufacture since United has made the corrugated design 
available to tlie industry at no cost. So we can safely say the arc welded 
rolled corrugated boiler has been a decided step forward in the nevcnending 
search for the ultimate in airline passenger comfort, and at a cost never 
before reached. 

If such a picture seems fantastic, let us turn to the photographs showing 
the steps in the boiler’s manufacture. If the old saying, 'It’s the simple 
things that have the greater merit” ever held, it holds for this boiler con- 
struction made possible by arc welding. 

Photograph, Fig. 1 shows the first forming of the .05 0 inch thick stain^ 
less steel after being cut into the proper sisje. Core blanks are here being 
rolled into tube form. Each blank in the flat is 18"inches by 28^%2'i^ches 
so that when a standard factory stock sheet (36"inches by 120"inches) is 





Pig. 7. A finishea core with welded shell blank ready for slipping into position. 


cut down the center we avoid waste material as the trim is used to make the 
upper and lower sump blanks (d'-inches by 12dnches). The outer shdl for 
the boiler is likewise formed into a tube before it is welded. The shell blank 
is 1 1 J/^-'inches by 29 % 2 ‘'^^^bes. The attachment lugs and the steam outlet 
neck use up the narrow trim strips so none of the metal is wasted. 

After the core blanks have been rolled into tube or pipe sections they 
are clamped into the welding fixture shown in Fig. 2. 

The supporting pipe shown in Fig. 2 has a copper backing plate to back 
up the weld and to dissipate excess heat. Two heavy spaced bars*provide a 
clamp for holding the core in position. The core is first tack welded in about 
a do 2 ;en places and then a continuous weld is made as shown. The electrode 
used gives good penetration and forms a ductile weld — ^the heart of this 
method of boiler fabrication. After the flux and some of the surplus weld 
have been removed we are ready for the machine shown in Fig. 3. 

The machine in Fig. 3 is a standard lathe holding a large steel shaft on 
which has been turned several concentric grooves. The balbbearing-sup- 



Fig. 8# 0eft}. Bolling the corrugations into the shell. Fig. 9, (right). Drop hammer operation 

for forming the boiler sumps. 
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ported roll shown mounted on the carriage is shaped to mesh with the roll 
grooves on the shaft. Metal clearance for the boiler material is allowed be- 
tween the two rolls. All the roll surfaces are hardened and polished to 
stand up under the action of rolling the stainless steel as well as the abrasive 
action of any stray particles of flux remaining. 

The setup shown has rolled over a thousand boilers with practically no 
maintenance cost. 



Fig. 10. Stainless steel blank changed into sump after one blow. 


Fig. 4 shows a boiler core blank in position on the roll and ready for 
having the first corrugation formed. End plates held in position on the roll 
proper by set screws, accurately locate the position of the first corrugation. 
These end plates also serve to keep the first corrugation at true right angles 
with the core. The first corrugation is important as it forms or provides the 
‘lead” or master guide on which all thevother corrugations are patterned. 

A light coat of oil is put on the inside of the core blank before it is 
placed on the roll. No lubrication is used on the outside. 

After the first corrugation has been formed, the end plates are removed 
since each corrugation now being rolled is guided and spaced by the last 
preceding corrugation riding on the outer groove of the main roll. 

In Fig. 5 can be seen the terrific punishment the arc welded seam is 
subjected to. The ability of the arc weld to withstand this roll-forming ac- 
tion is what makes this inexpensive, efficient method of boiler fabrication 
possible. Flame or gas welded core blanks crack and tear under this rolling 
action. 

Since the rolling operation is the “heart” of this method of boiler fabri- 
cation we have added extra view of the operation in Fig. 6. 

The standard depth of the corrugation is Vi-inch. The operator secures 
this depth by reading the indicator on the feed screw. ^ In addition, he uses 
a depth gauge as occasionally some lots of sheet stock are harder than 
others with a corresponding greater amount of “spring back”. 

Fig. 7 shows a finished core with a welded shell blank about to be 
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slipped into position over the core. After the shell blank is in position on 
the core, the shell ends are arc welded to the core and the assembly again 
placed on the roll as shown in Fig. 8. 

In Fig. 8 we have the corrugations being rolled into the shell. The shell 
and core corrugations have to match as the core is being guided by the 
inner roll grooves. The shell corrugations are only %gdnch deep but the 
arc welds are subjected to considerable tension since both ends of the shell 
are welded to the core with the result that the shell is really being stretched 
into place whereas the core could pull metal from the unrolled end during 
its forming or "‘corrugating’" process. 



Note how the core weld has “left its mark” on the shell surface, thus 
showing the extreme pressures that weld and metal are subjected to. 

Figs. 9 and 10 show the drop hammer operation for forming the boiler 
sumps. Two zinc dies as shown convert the stainless steel blank (.050 inch 
thick) into a sump with one blow or impact. 

Both upper and lower sumps are the same stamping. 

Fig. 10 shows the stainless steel blank changed into a sump after one 
blow or impact from the upper die. 

Fig. 11 shows the component parts of. the boiler at this stage of assembly. 

The shell has had elongated holes burned through at each corrugation. 
These elongated holes will permit the steam, which will form between the 
shell and the core, to escape into the upper or steam sump. An equal number 
of holes but much smaller in size have been made in the side of the shell 
directly opposite the steam vents. These smaller holes permit the water to 
pass from the lower! or water sump up into the space between the shell and 
the core. It will be remembered that the core corrugations are Yi inch deep 
while the shell corrugations are %Q'inch. deep. It is the space thus created 
that acts as the steam-forming chamber.; 


Fig, 13. Method of sizing each end of boiler. 
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Rg. 14, (left). Inspection for leaks. Fig. 15, (right). A finished boiler. 


The sump in the lower lefthand comer is the water sump and will have 
the pipe-threaded boss welded into it while the sump in the lower rights 
hand comer will have the steam outlet flange welded into it.^ 

The lugs for attaching the boiler to the airplane exhaust pipe are shown 
in the lower center directly above the boiler’s nameplate. 

The welding jig shown in Fig. 12 is used for the assembly of sumps, 
steam outlet flange, water inlet fitting and attaching lugs in accurate posi- 
tion on the boiler* core and shell. Such assembly, of course, makes all boilers 
readily interchangeable on any airplane. 

So that all boilers will have the proper fit on any airplane exhaust pipe 
we size each end of the boiler as shown in Fig. 13. The upper or front end 
of the boiler has a plug to size the inside diameter while the lower or rear 
end of the boiler is sized in a ring. 

The bar leading down to the steam outlet holds the boiler so that it can 
be pulled out of the ring. The recessed plate on the operator’s right is 
moved to the left until it contacts the boiler shell’s cormgations and thus 
holds the boiler for removal of the plug in the upper or front end. 

The press used is air-operated with the control lever mounted on the 
right upright. 

Inspection of the boiler, (See Fig. 14), is made after it has been sand- 
blasted to remove all weld slag. The boiler is plugged at the steam outlet 
connection and connected to an airline at the water inlet fitting. Under 110 
pounds air pressure the boiler is submerged under water for the detection 
of any flaws or pin holes. If any are found they are welded and the boiler 
again tested under pressure. 

In Fig. 15, we see the finished boiler ready for stock or installation on 
an airplane. It weighs slightly under 15 pounds as compared to approxi- 
mately 30 pounds for most tubular-type boilers. 

The Airlines estimate that every pound of surplus weight which can 
be removed from their transport planes is worth $20 per year. On this 
basis, we can claim a saving of $300 per plane per year in weight reduc- 
tion. Since our boiler cost (with 100 per cent for overhead) was just under 
$30 and each plane required 10 boflers per year, we are forced to the 
paradoxical conclusion that arc welding as exemplified in the rolled, corru- 
gated boiler has given the company good boilers at no cost. 



Chapter VI — Arc Welding of Airplane Parts 
By W. S. Evans, 

Materials and Process Engineer, CurtisS'Wright Corporation, 
Airplane Division, Lambert Field, St. Louis, Missouri. 



Subject Matter: The general procedure to be followed in deter^ 
mining whether a part should be fabricated by arc welding and 
the procedure applied to several parts of an airplane. The welding 
sequence for a landing^gear support assembly is given in detail. 
A new design for tube attachment replaces the usual “'fishmouth'’. 


W. S. Evans 


Arc welding has been for years an established commercial process. Only 
recently, however, has the aircraft industry availed itself of the numerous 
advantages offered by this method of assembly. Although its use has been 
steadily increasing, the full potentialities of its application have not yet been 
reali^ied. Where arc welding is to be used, the designer must consider the 
method of fabrication before releasing the drawing for production. It is the 
purpose of this article to illustrate the method of application of arc welding 
in aircraft production. 

First, it may be well to discuss the general procedure which may be followed 
in determining whether a part should or should not be fabricated with arc 
welding. Assembly proces|es which are in common use are: 

Arc Welding 
Oxy-acetylene Welding 
Silver Brazing 
Copper Brazing 
Resistance Welding 

1. Spot Welding 

2. Flash-butt Welding 

3. Butt Welding (push type) 

4. Seam Welding 
Bolting 

Riveting 

Each method is subject to design limitations and the cost of manufacture 
of the assembly must include the fabrication costs of the component parts 
as well as actual assembly time. If the cost of producing the detail parts is 
increased more than the savings resulting from a particular process, the design 
is not sound — other factors being equal. It is important to weigh the advan^ 
tages of a process at the time preliminary design is made to avoid later redesign 
because of certain process limitations. 

Frequently, a designing or engineering department or a particular manu^ 
facturer inadvertantly becomes accustomed to the use of one or more of these 

T9 
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processes and fails to give fair, unprejudiced consideration to the use of the 
best possible process. A certain amount of this “inertia” was present in the 
aircraft industry. However, with the advent of “alhout” effort, a great deal 
of thought has been expended in developing better production methods result^ 
ing in greater production at less cost. 

If, after all methods of assembly have been investigated, it is decided 
to use arc welding, the following process development procedure may be used. 
It is not necessary, in all cases, to use every step that will be mentioned. 
It is wise, however, to consider the possibilities presented by each step. 

Laboratory and Test Procedure — ^If the design is new or much different 
from designs in use, it may be necessary to obtain experimental and factual 
data to back up the choice of process.. Metallurgical and structural charac' 
teristics of a design detail, such as a joint design, can be established by these 
tests. 

Due to “high strength per imit weight requirement” of many aircraft 
parts, it is necessary to use alloy steels. The section thickness of alloy steels, 
as well as mild steel, is a critical design factor. Welding machine and electrode 
manufacturers generally make available average physical values which can 


Hg. 1. Section of engine mount ring assembly shoeing box>type gusset. 
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be used only where a relatively high factor of safety exists or (in the case of 
certain alloys) where heat treatment after welding is employed. The strength 
of '“'As welded” work will vary considerably, depending on the technique 
used and upon the thickness of stock being welded. These data should be 
determined in the laboratory and should be available to the design engineer. 

With these data, a final design may be developed taking advantage of 
the following general rules: 

1. Proper Joint Selection. 

Edge welds should not be used where maximum stress is at root of joint. 
Butt joints should be preferred to singledap joints in pure tension. Sufficient 
scarfing must be available to insure proper penetration. These are only illus- 
trative examples of a subject that is beyond the scope of this paper. 

2. Material. 

The material best suited to meet all requirements should be selected. 
Many aircraft designers arbitrarily use chrome-moly alloys, where mild 
steel would prove most satisfactory. 

3. Prefabricated Parts, 

Selection of rolled sections, plate, forgings, tubing or machined component 
parts to meet structural and welding requirements must be made. 

4. Forming. 

Where inexpensive mechanical forming is involved, parts should be so 
designed as to use the least amount of welding. For example, in an open- 
topped box section the assembly could be made of five separate flat pieces, 
all requiring welding on each edge except the top. This is obviously more 
expensive than forming the part from one piece by blanking out a cross-shaped 
section and bending up the sides, welding only the dosing edges. 

5. Location of Weld. 

Use weld metal in the most effective way. A fillet weld in one location 
may be more effective than the same fillet in a different place. 



Fig. 2 , (righO. landing gear drag broce os originally designed. Fig. 3 . (left). Lending gear 
drag broce redesigned to simpUfY lcd»icatlon. 
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Hg. 40, deft)* ConTeniional fish xnouth design and Fig. 4b, (right). New scalloped design 

for tubing attachment. 

On new designs, or changeovers it is a simple matter, in many cases, to 
fabricate samples for destructive test m the laboratory. Such samples will 
bring out possible future shop complications, such as cracking, inaccessibility, 
excessive shrinkage, etc In some instances, where fatigUe stresses are of 
primary consideration, laboratory tests on a speafic part are imperative, due 
to lack of knowledge on the fatigue characteristics of arc welded structures. 
The possibihty of deviations from certain questionable design limitations, at 
present in effect in Government speafications, may thus be determined. 

, Establishing Shop Procedure — K correct shop welding procedure must 
be developed to insure quahty coupled with minimum cost. Order of assembly, 
preheating, si2;e and type of electrode, machine settings, number of beads, 
fites of welds, joint and metal preparation, subsequent heat treating, if any, 
find part tolerances all play an important part in this procedure If possible, 
jig and fixture recommendations should also be made, 
t The simplest method is to establish a set of conditions, based on previous 
experience, and vary one factor at a time until the correct procedure is 
solved Order of assembly is often dictated by the design and can be readily 
ptablished. Wherever possible it is advisable to assemble parts into sub- 
^emblies and then into the major, assembly. The prefabneation of sub- 
assemblies permits the use of less skilled labor which is an important item 
particularly under present conditions. Such a procedure is followed in the 
assembly of the landmg gear support which is discussed later. 
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Preheating should be avoided if possible because of the increase in assembly 
cost and the necessity for additional equipment. It is most commonly employed 
in the weldmg of closed sections and complicated shapes where stress concen- 
trations m the welds may cause cracking Structures which may ‘"give’’ 
shghtly to absorb the welding stresses seldom require preheating. 

Size and type of rod is ordinarily determined by past experience or the 
recommendations of a rod manufacturer supported by laboratory and produc- 
tion tests The alloy steel used m aircraft, usually requires the use of a coated 
alloy rod capable of subsequent heat treatment, to approximate results of 
simultaneous parent metal heat treatment Size of electrode is determined 
by the thickness of the parts to be welded and the type of bead. Single-pass 
beads will require a larger rod size than two-pass beads for the same joint. 
While a single-pass bead is usually the most economical, it may not be struc- 
turally sound due to lack of filler metal and penetration on a particular joint. 
Metallurgical examination to determine grain size of multiple-bead versus 
single- or double-'pass welding must be considered. Structural and heat treat 
requirements will dictate the final weld procedure. 

The arc characteristics indicate the proper machine setting. A smooth even 
arc with a minimum of spatter will generally produce the most satisfactory 
weld. Jigs and fixtures must be designed for accessibihty and ease of assembly. 
Setup time is an important factor m weldmg costs and appreaable savmgs will 
result from good jig design. Frequently, the use of two or more jigs per- 



Fig. 5. Elfedl oi locotion dt weld flUet wltib respect to load. 
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mitting the use of unskilled labor for loading and unloading will result in 
remarkable saving. 

A certain tolerance should be allowed for the dissolution of welding 
stresses, thus eliminating possible inherent cracking. It is often practica.1 to 
design a particular part to permit distortion to take place in a predetermined 
direction. This will minimisje straightening or, if the part is to be machined 
after welding, the distortion can take place where the machining ’wll eliminate 
It. Positioning is important in jig design. Hori 2 ;ontal welding is faster and 
less fatiguing than vertical or overhead and should be used wherever possible. 

Part tolerances are set up by the engineering drawing. However, shop 
practice may necessitate a change to insure sound welds. The combination 
of a minus tolerance on one part and a plus tolerance on a mating part may 
lead to difficulties. Too wide a gap is difficult to weld and is not conducive 
to structurally sound welds. Tightening of tolerances may increase machining 
o^ts and tlids must be balanced against improved weldability. 


Fig. 6, Unxnochined landing gear support assembly. Fig. 7# (right). End view of 

landing gear support assembly. 


Correcting Defects in Established Shop Procedure — Defects in an estab^ 
h’shed shop procedure sometimes occur due to unforeseen complications. A 
change in the chemical analysis of rod or parent metal may lead to cracking 
diflSculties. Slight variations in parts may change the stress distribution during 
welding producing excessive distortion or weld cracks. Altering sequence 
of welding or other procedures may be necessary to minimizje these conditions. 

Perhaps the most common problem in aircraft welding is cracking. It 
should be realisied that cracks result from welding stress which is greater 
than the ultimate strength of the material. An excellent example of designs 
conducive to cracking is the box gusset used on aircraft engine mounts, (See 
Fig. 1) . Here we have a closed section where it is difficult to dissipate the 
welding stresses. Very elaborate procedures have been developed to overcome 
this problem. One of the most successful solutions is to lay the bead in such 
a manner that the weld aids in the center of a straight bead section and not 
on a curve or angle. Totally or partially welded gusset plates may require 
slight “dishing” to eliminate tensional draw stresses. Also, high-speed produc- 
tion welding may require preheating. 

Jigs or fixtures may be too light, causing difficulty in holding tolerances. 
If reconstruction of jig is too costly, inexpensive cooling of critical sections 
through the use of ”soldered-on” copper water pipes is, in some instances. 
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a simple solution. In some cases, regardless of jig construction, a high shop- 
duty cycle may require water coolmg 

The repair of cracked welds is not difficult. It is, however, necessary to 
grind out all of the crack before laying the repair bead. If any of the crack 
remains it will cause failure of the new bead Some care is necessary m deter- 
mining when the crack is completely removed A magnetic inspection machine 
can be effectively used for this determmation. 

The Items just discussed are typical shop complications which must be 
corrected on the job 

Time Study — ^After final production procedure is established, a time 
study IS in order, giving defiimte labor costs and correlatmg necessary depart- 
mental subassembly production with total plant aircraft production. In 
assembling time data, every effort must be made to obtain facts under actual 
production conditions Proper allowance for fatigue and relaxation must 
be made. A number of time studies should be obtained on, if possible, several 
workmen in order to obtain a representative cross section of departmental 
labor costs In comparing production time on various processes, all factors 
particular to any one process must be considered. If an arc welded assembly 
permits broader tolerances than another assembly method resulting in reduced 
machming time, this factor must be considered as well as the actual process 
time. Where preparation of component parts is similar as in arc and gas 
welding, the actual process time will be the determining factor. 

Time study data is based on the actual welding time plus an allowance 
of 25 per cent for tackmg, straightening, cleaning, delays and relaxation. 

Final Savings — If a part is a ‘‘changeover”, final savmgs should be re- 
corded, mduding time, quahty and speed. This is important, as future designs 
may be developed based on past experience. In this connection it should be 
noted that arc welding has a number of “hidden” advantages which enable 
a manufacturer to give his customer “more for less ” 

This process permits quick change m design, to meet a new requirement, 
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or to correct a fault in an existing design Such changes are impMSible to 
make quickly, at low cost, if a supply of castmgs or forgings is on hand. If 
the parts are bolted or riveted together, a change may mvolve punchmg'<ie 
or dnlhjig alterations. Arc welding permits makmg most changes instantly, 
and also changing stock parts to latest design. 

Comparatively httle time'consummg preparation is actually required to 
go into production on a new part, as no patterns or other preliminary prepara' 
tion IS required. Removal of metal by machining may be held to a minimum, 
and where rolled sections are used, physical defects such as blow holes, sand 
inclusions, etc , may be virtually elimmated Salvaging scrap work is readily 
performed in most cases 

A final evaluation of costs must include both labor and material. The 
arbitrary figure of 100 per cent of labor and material used in computing 
overhead is well below actual overhead costs. However, this figure will serve 
to give a suitable conservative means of comparison Pro-rated equipment 
costs are not mcluded as they are relatively equal for both arc and gas weldmg 
and are negligible when compared with other costs 



Bg. 9, Oeft). Top view of landing gear support with cut-away to show welding of a 
support. Bg. 10, (right). Top view of landing gear support with cut-away showing welding 

of webs on gussets. 

Electrical energy and electrodes are the materials used in arc weldmg. 
Power is sold in lolowatt hours The KWH used by a welding machine 
depends on the ampere and volt settmgs and the welding time. 

To complete the picture, tooling costs, equipment depreaation, floor space 
and engineering labor can be included where considered necessary. A com^ 
panson of total cost obtained will indicate the savings resultmg from a 
particular choice 

To illustrate the foregomg with actual aircraft parts, a number of examples 
will be discussed. These parts were picked out to show how this procedure 
was followed to arrive at a final conclusion. However, some parts of this 
procedure were not necessary due to previous experience which did not 
require repetition Some omission will be apparent due either to‘ the restricted 
nature of the item mvolved, lack of data, or lack of time 

Tube-Forging Assembly In a Landing Gear Drag Brace — ^Preliminary 
design of this part indicated that either arc or gas welding would have 
to be used. The part was onginally laid out as shown in Fig. 2. Stress 
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calculations proved that X''4130 tubing and 4140 forgings heat treated to 
180,000 pounds per square inch would be needed to carry safely the design 
load of 152,000 pounds. The heat treating of the assembled part as originally 
designed presented many diiEculties. Such a shape would be difficult to 
quench and obtain uniform hardness due to variation in cross sectional area. 
Distortion and subsequent straightening also caused by the heat treatment 
would be excessive. The use of large heat treating jigs to prevent warpage 
was considered impractical. 

The possibility of heat treating the component parts beforehand and 
assembling by means of arc welding was discussed. The problem of uniformity 
of hardness would be eliminated by this method as well as a large portion 
of the distortion. Any necessary straightening would be a relatively simple 
operation. It was realized that the heat treat condition in the vicinity of 
the weld bead would be impaired by this process. ' Fortunately, the greatest 
structural requirement was in the center of the assembly with lighter loads 
at the four ends. This, however, eliminated the possibility of welding the 
cross member after heat treating. A redesign breaking the cross member into 
two sections was developed. Each of these parts was designed as a forging 
to be bolted together in the final assembly of the part, (See Fig. 3). 

This design permitted welding independently each section of the cross 
member to the tubing forming the legs. These parts could then be heat 
treated without any serious problem. The change in cross sectional area 
between tubing and forging was not considered serious. The end forgings 
could then be heat treated independently and arc welded into the assembly. 

The remaining problem was the type of machined joint that would be 
used in the assembly of the end forgings to the tube. It is immediately 
apparent that the welded end of the forging must slip into the tubing. In 
addition to stress factors, if a standard “fishmouth” joint was used, the 
amount of forging base needed would add to the weight of the finished product. 

The “general shape” of the end attachment is illustrated in Fig. 3, The 
tubing is 2% X .187, X^4130 steel and the forging is 4140 steel. Stress re^ 
quirements at the joint arc complex, but indicate that if the tube and weld will 
stand 152,000 pounds axial compression load, the joint may be considered 
satisfactory. It was, of course, necessary to provide a factor of safety. 

Conventional aircraft design dictates “fishmouth” construction to permit 



Fig. IL (left). leg end forging subassembly for engine mount Fig. 12, (riglit). Ring sub- 

assembly for engine mount. 




Table I — ^Test Data on Drag Brace 

Heat Treat Included Type of Load at Type of 

Before Welding Weld Angle Type Wdd Rod Size Penetration Fishmouth Failure Failure 

180, CXX) 157 . 5 * Single Hardly any m low Conventional 170, (XX) 
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Triple 2—%' Excellent for entire Scalloped 211,000 Tube collapsed 

Bead 1 — weld length design Weld OK 
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greater fillet weld cross section. A number of test ‘'fishmouth’’ specimens 
were made up using various arc welding procedures to determine their com-' 
pression strength: * 

Sample 1. Two standard ‘‘fishmouth’’ design units as illustrated in Fig, 
4a, plus the terminal forgings used in this assembly, were heat treated to 

180.000 pound per square inch and then arc welded using a }/q inch rod 
with smgle bead weld Compression tests were run. Welds were sectioned, 
etched and examined macroscopically. 

Sample 2. Two standard designs as outlined above Heat treated to 

200.000 pounds per square inch and arc welded. The weld base was cut 
to a uniform 45° angle on the arc of the tube making an mcluded weld 
angle of 135°. A smgle^bead weld was used 

Sample 3. Samples prepared as above except a 90° angle weld base was 
provided for the full length of the weld A two-bead weld was used, the 
first laid in the angle and the second overlaid 

The results of these tests were somewhat discouragmg, as in each case 
the break occured in the weld, and failure took place at loads close to the 
minimum requirements. It was decided to try a design never before used 
(to the writer’s knowledge) in aircraft construction — a ''scalloped edge’** as 
illustrated in Fig 4b This unconventional design permitted considerably 
more fillet weld cross section. 

Sample 4, consisted of four specimens — 2 welded by single beads and 
2 welded by triple beads A complete tabulation of data and test results 
IS shown m Table 1. In addition to the gain in linear inches of fillet weld 
It should be noted that a fillet weld as indicated in Fig, 5 a is stronger than 
one made as indicated in Fig 5b where the same length of fillet weld is used 
in both cases. In either case, a 45° fillet breaks in the throat, and in Fig. 5b 
the entire load is applied at that weak point in straight shear. In the case 
of Fig. 5 a, the actual load at the throat is the Pi vector of the total load P. 
If a 45° fillet is used, then Pi = 0.707P, and the strength of the joint is 
obviously increased It is also interesting to note that by lengthening the 
horizontal leg of the fillet, it is possible to make Pi or the shear vector smaller 
than P 2 or the tension vector as indicated in Fig. 5d. This immediately 
strengthens the weld, regardless of increase in horizontal leg. 

For the purpose of mathematical calculation to indicate the amount 
of increase in strength, we will assume that Pi is greater than 5/4 P 2 so that 
the weld failure will be due to tension loading. An analysis of the forces 
at the break indicates that Pa is the determinmg factor, and smce Pa is in 
tension, the increase of strength in such a fillet weld in compression or tension 
may be shown mathematically: 


if: the allowable normal stress in tension or compression 
equals 

then: allowable shearing stress equals approximately 4/5S 
hence: if the safe load per linear inch of fillet of a weld as im 
dicated in Fig. 5b is assumed to be 2000 pounds, 
then: safe load of a fillet designed per Figs. 5a and 5d would 
be: 

2000 5 

X because the weld would break in tension 

con 0 4 

through throat per P 2 vector. 
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Fig. 13. Metedlogiaphic cranporison of are and gos -welding, arc welding above, otter 

method of welding below. 

In computing stress, engineers are apt to use shear values for fillets in straight 
shear as experimentally determined by Fig. 5b, whereas the redesign to place 
the weld fillet as shown in 5a will result in greater strength. 

Metallurgical examination of single^, double- and triple-pass welds showed 
that a triple-bead produced the best weld characteristics. The single-bead weld 
produced only limited penetration due to necessity of obtaining good appear- 
ance. The double-bead gave fair penetration, but large grain size in the first 
bead. The triple-bead weld using a larger rod for the first 2 passes, and 
a small diameter rod for the final pass produced a weld with good penetration, 
and no difficulty in obtaining a smooth outside appearance. Grain sisje with 
the triple weld was satisfactory. 

While a single-pass bead using large rod would result in some savings, 
it was not considered because of the rigid structural requirements of the 
part and the results of the laboratory tests. Production welding was per- 
formed with simple positioning jigs. The fabrication in subassemblies reduced 
the jig expense and eliminated much of the warpage during welding. 

Machining of the redesigned attachment end was performed on a mill- 
ing machine. One big advantage in this type of end joint is the presence 
of an approximately 90° included angle for the laying of the weld bead. 
This permits simpler welding technique and improved penetration. 

No major production problems have arisen on this assembly. All parts 
are magnetically inspected after welding for cracks or other defects. The 
type and sme of the structure minimi 2 ;es the possibility for cracks and no 
trouble has been exoerienced. 
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It should be remembered that this part was specifically designed for arc 
welding, therefore actual time-study comparison cannot be presented. How- 
ever, similar jomts have been gas welded with production costs definitely 
estabhshed by many years of experience. Based on this expenence, costs, 
outlmed m Table II may be considered accurate within ±: 5 per cent. 


Table II — ^Time and Costs of Arc Welding the Landing Gear Drag Brace 


Arc Welding 

Item Time Cost 


Joint Preparation :10 $ .18 

Welding Labor @ $1 00 per hr.. 1:40 1.67 

Gas Welding Rod .83 

Power Cost (5) 1^ per kwh .05 

Heat Treatment 1.00 1 10 

Straightenmg *30 .40 

Overhead 4 23 

TOTAL FABRICATION COST PER PIECE $8 46 

Savings by Use of Arc Welding $9 30 

PRODUCTION TIME SAVED 3*12 


It may be wise to summan2;e the reasons for the use of arc weldmg on 
this part. 

1. It was considered necessary structurally to use a process which would 
produce a minimum amount of heat. In this manner, the effect on the heat 
treatment of the component parts would be lessened and would make possible 
the use of subassembly fabrication 

2. Relatively close tolerances were required and it was felt that the arc 
welding process would produce less distortion than gas weldmg and reduce 
expensive straightening 

3. The ‘^as welded” strength of the arc bead m this case is greater than 
a comparable gas bead It was necessary to obtain maximum strength to pro- 
vide a reasonable margin of safety. 

4. From experience, it was evident that the arc process would produce 
a considerable time saving because of the ease of the weldmg operation. 

Landing Gear Support Assembly — The assembly shown m Figs. 6 and 7 
was ongmally designed with very little preliminary consideration. The 
assembly of this part resulted m high costs and many shop complications. 
Rejections were so high, due to crackmg and distortion, that it became 
evident that a different assembly process would have to be used. It was 
agreed to change to arc weldmg. This change, however, did not solve the 
problems in itself and it became necessary to develop a rigid preliminary 
shop procedure to guarantee acceptable parts 

Because large quantities of the component parts of this assembly were 
already on hand, it was impossible to change the design except m mmor de- 
tails without mcurnng considerable cost and time loss At this point, it is 
interesting to note that this part presented a senous production bottleneck 
which demanded immediate solution. Cracking along the weld beads was 
the paramount problem This occurred, in most cases, m welding the end 
'’orgings to the tube and welding the interior gussets, (See Fig. 10). 
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ng. 14. Section oi engine mount ring assembly showmg box-type gussets. 

The end forgings are 4140 steel while the tube and sheet metal parts 
are X^4130. Because of structural requirements, it was necessary to have 
the tube in the heat treated condition, while the forgings could be used with^ 
out heat treatment. For the same reason outlined in the previous section, 
it is not practical to heat treat after complete assembly. Here again, the 
major load requirements are on the center of the tube (creating a torsional 
twist through the hole) permittmg arc welding the normah2;ed and forgings 
to the heat treated tube subassembly. The strength at this joint is not 
seriously impaired by the reduction in heat treat due to welding 

With these conditions in mind, a number of production assembhes were 
made. From observation the following relatively involved shop procedure 
was developed. The complicated procedure which is outlined serves to indicate 
the care necessary to overcome difEculties in welding a structure of this type. 
Reference should be made to Figs. 8, 9, and 10 in following through this 
procedure. 

1. All parts of the beam subassembly are rough-'filled to a loose fit. 

2. ^ The component parts of the beam subassembly are placed in the weld^ 
ing jig. The stiffener, bosses, clips and supports are tack welded at two 
places with %4-inch rod. The collar is tacked at four places at the small 
end inside the beam with 

3. The subassembly is removed from the jig and heated to 400 ®F. All 
welding operations are made with the part at this temperature 

4. The parts are arc welded to the beam with % 4 -inch rod on the 
stiffener and bosses and using % 2 'vcicii rod for the clips, supports and collar. 
A definite order producing minimum cracking defects was necessary. 

(a) Stiffener. Welding is begun between the tack welds and finished in 
four operations usmg four rods. 
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(b) Bosses, Welding is begun between tack welds. % of circumference 
is welded leaving the adjacent to the collar unwelded. This section is 
welded when the continuous bead is welded around the collar producing 
better penetration and appearance of the collar weld bead. 

(c) Clips, Weld outside of clip from one comer around the 90® bend 
to the opposite corner. Inside of clip is welded from edge to edge in one 
operation. 

(d) Supports. Weld completely around in two operations, starting bead 
between tack welds. 

(e) Collar, This operation proved relatively difficult and required close 
control of procedure. The small end of the collar is welded inside the beam 
followed by welding of the large end of the collar on the inside. The small 
end of the collar is welded on the outside, also, filling in unwelded portion 
of all bosses, all in one operation. The large end of the collar is then 
welded on the outside. 



Fig. 15, (left). Arc welded engine mount assembly. Fig. 16, (center). Bottom view oi 
exhaust gos fairing. Fig. 17, (right). Top view of exhaust gas fairing. 


5. The subassembly complete except for the interior webs is buried in 
mica flakes and held until cool. After cooling the part is normalised to 
eliminate as far as possible all welding stresses, 

6. After normalising, the three webs are fitted into the assembly and tack 
welded to the tube. Tacking to the collar tends to produce cracks. 

7. Assembly is preheated to 400®F. Webs are welded to the collar, 
afterwards welded around curvature of the tube. When welding webs 
around the tube, the assembly is tilted at a 4?®’ angle and turned slowly 
so that weld bead is laid in a cradle positioned 45® fillet. This makes for 
easier welding of the webs and prevents undercutting. Assembly is positioned 
and turned so that welding is done on a flat or slightly vertical plane, thereby 
keeping slag from running ahead of the weld puddle. 

8. Assembly is again cooled in mica flakes followed by sand blasting 

and magnetic inspection. i i ; 

9. If cracks are indicated, they are repaired as follows: 

(a) All traces of the crack are removed with a small grinding wheel. 

(b) Magnetic inspection is used to check complete removal of crack. 

(c) Assembly is heated to 400 ®F. and repair weld made followed by 

cooling in mica flakes. Again, magnetic inspection is used to check the 
repair weld.- ' - ■ i i - ■ .rj ; ^ ^ ■ 

10. The beam subassembly is beat treated to 150,000 pounds per square 
inch and machined to drawing requirements. 

11. End forgings and the heat ti^e^tted beam subassembly are assembled 



174 


STUDIES m ARC WELDING 


in the welding jig. As the welding tends to draw the ends of the forgings 
in toward the beam, a slight taper is allowed m the jig 

12 With the temperature maintained at 400°F., the ends are welded 
in place, and then the entire assembly cooled in mica flakes 


Table III — ^Time and Costs of Arc Welding the Landing Gear Support 

Assembly 


Arc Welding 


Item 

Preheating 

Welding Labor at $1 00/hr, 

1. Beam sub-assembly 

2. End Forgings — 

Welding Rod or Electrode 

Power Cost at per kwh 

Heat Treatment ___ 

Time 

*12 

1 00 

:40 

zrzz 2 00 

Cost 
$ 14 

1 00 
.67 
-7y 

■oy 

2.20 

Straightening - - 

:30 

.38 

Overhead __ _ „ - . 


5 19 

TOTAL FABRICATION COST/PIECE..-. 


$10 38 

SAVINGS BY USE OF ARC WELDJNG-.. 
PRODUCTION TIME SAVED 


$18.62 
5 3 hrs 


13. The assembly i^ sand blasted and inspected for defects as outlined 
above. 

This very detailed procedure has been given to show what is required 
in the arc welding of comphcated assemblies to give trouble-free production. 
Prior to the development of this assembly method, rejections were running 
approximately 75 percent. When complete welding control was established, 
rejections became negligible Despite the involved procedure, the arc welding 
method produced a considerable time saving The detailed cost and the resultant 
savings are mdicated in Table III. 

Motor Mount Assembly — ^No preliminary development was necessary to 
establish correct design or structural characteristics as this is a standard 
assembly which has been in use for some time with slight modifications Tubular 
and sheet metal parts of the assembly are X-4130 alloy steel and the attach- 
ment forgings as shown in Fig. 11 are 4140 alloy steel. Laboratory checks of 
representative arc welded samples, (See Fig. 13), made by production welders 
indicated supenor penetration and greater density with arc welding These 
photomacrographs show an obvious gain m quality. 

Shop procedure was relatively simple, requiring no complicated jigs, or 
preheating. The only joint which required careful attention is the box-type 
gusset illustrated m Fig. 14. 

No dijEculty from craebrig was encountered in the first production items 
due to the experience developed in other mounts usmg this type of gusset. 
However it is interesting to note the procedure which was used. If gussets 1, 
I and 3 are welded in that order, with no definite procedure of starting or 
stopping welds, then cracks may be expected m the last (or closing) weld. 
iiVhcn gussets 1 and 2 are welded, the residual stresses are dissipated by a 
ilight movement of the tubes 4 and 5. However, when gusset 3 is welded, the 
itnicture is so rigid that it resists movement resulting in cracks at the weakest 
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points Preheating or slight dishing of the gussets has been used to overcome 
this problem. However, if all weld beads are started and stopped in the 
middle of “flat” surfaces, such as shown at point “a” in Fig 14, then residual 
stresses per unit of cross section are lessened, resulting in a minimum of 
cracking 


Table IV — ^Detailed Time for Arc Welding the Motor Mount Assembly 

Type of Weld 

NO. OF TIME IN MIN. FOR ARC 

WELDS Time/Piece Time/Mount 

30° angle sphee welds 

2 

10 

20 

Washer-todug welds. 

28 

3 

84 

Lug'to^nng welds 

14 

6 

84 

Double^joint welds 

3 

20 

60 

Single^joint welds 

2 

10 

20 

Box^gusset welds. 

9 

20 

180 

Stnp'gusset welds (in and out) 

4 

20 

80 

Oil support bracket-tonng welds 

4 

10 

40 

Wrap gusset welds 

8 

ly 

120 

Double^tube''to^fittmg-jomt welds 

4 

25 

100 

Plate gusset welds 

4 

20 

80 

Fishmouth splice welds. 

8 

5 

40 

Lift nng''tO''nng weld 

1 

15 

15 

Cowhsupport-to-nng welds 

4 

15 

60 

*TOTAL IN MINUTES 




♦TOTAL IN HOURS 



16 4 

^Welding time only 

Table V — Time and Costs of Arc 

Welding of 1 

Motor Mount Assembly 



Arc 

Welding 

Item 


Time 

Cost 

Welding Labor @ $1 00/hr. by Umts 



1. Ring sub-assembly 


...:..11:28 

$11.49 

2. Leg sub-assembly 


3:00 

3.00 

3. Mount assembly 


...... 1:55 

1.94 

Welding Rod or Electrode 



3.17 

Power Cost @ l^^/kwh 



.57 

.Strf^igbtP-tiing „ 


.30 

.38 

n\7<»rbf>prl ^ 



20.55 
$41.10 
$104.18 
26.4 1m. 

TOTAL FABRICATING COST PER UNIT..... 

Savings by use of Arc Welding per Unit 

PRODUCTION TIME SAVED PER UNIT. 



The part is made by welding the ring and support attachments, (See Fig. 
12), as one subassembly and the supports as independent subassemblies (See 
Fig. 11). These subassemblies were then welded in a standard jig to complete 
the assembly, (See Fig 15). Previously welded mounts invariably produced 
more pronounced tendenaes towards cracking, particularly in the box-type 
gussets. Arc welding, usmg the procedure just outlined, further reduced this 
trouble. This incidentally reduced inspection and repair costs which may be 
considered “hidden” savings. 

Table IV is a detailed breakdown for the welding time only. Assembhng 
a motor mount with arc welding results in a total cost savings per unit of 







176 


STUDIES IN ARC WELDING 


$104.18 as showa in Table V. Even with no time saving or improvement in 
quality, m view of the lower cost of arc welding, the continuance of Ac 
other method could not have been justified Actually, there was a considerable 
time saving and quality improvement. 

Exhaust Fairing— The assembly illustrated m Figs 16 and 17 is an exhaust 
fairing made entirely of stabili 2 ;ed 18^8 steel. Design is controlled by aero^ 
dynamic and operational requirements rather than structural. It is ^nost 
difficult, even with photographs, to convey the unusual complexity of the 
shapes of the 5 component parts 

The component parts are preformed to the desired shape and assembled 
in a definite order. Gas tight seams are necessary to control the flow of exhaust 
gases properly. Because of the relatively complicated shape and intricate 
design, the danger of warping or distortion during welding is evident No 
change of design to minimize this condition could be developed. Arc weld' 
ing was chosen as the method of assembly because it produced less heat and 
was a more rapid process. Starting and stoppmg tabs were added to facilitate 
high-speed production 

Preliminary exammation based on previous experience and consultation 
with other companies makmg similar parts indicated that relatively elaborate 
jigs would be required. First consideration was given to the construction of 
collapsible water-cooled copper back-up blocks and holding fixtures to maintain 
shape and tolerances. A complete set of jigs was manufactured for this purpose 
Necessarily, these jigs were rather clumsy and not conducive to high-speed 
production, although satisfactory results were obtamed. 

When the first production parts were being made, it was noticed that 
there was sufficient overlappmg of metal sheets to permit tack assembly by 
the use of resistance spot welding. An experimental fairing was assembled 
and it developed that, by use of this method of holding the parts together, 
the elaborate welding jig could be eliminated. Arc weldmg after preliminary 
spotweld assembly did not result m excessive distortion when welded outside 
of the jig. This was due to the inherent rigidity of this particular design. 

This combination of ^ spotwelding and arc welding on gas-tight stainless 
steel structures presents possibihties of appreciable savings over methods 
generally in use for this type of assembly. The secret of this method is to 
incorporate sufficient rigidity into the prefabricated spotwelded assembly 
prior to arc welding. 


Table VI — Cost and Time of Arc Welding the Exhaust Fairing 


Arc Welding 

Item Time Cost 


Spot Weldmg :07 $ .08 

Weldmg Labor :25r ,42 

Power cost at 1^ KWH .02 

Grinding :30 .38 

Straightening 1:30 1 13 

Overhead 2.26 

TOTAL FABRICATION COST PER PIECE. $4.29 

SAVINGS BY USE OF ARC WELDING. $3.07 

PRODUCTION TIME SAVED L06 hrs 
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Table VII — ^Total Savings in Time and Cost on 

of Arc Welding 

60,000 Planes Throngli Use 

Assembly 

Savings in Time 6? Cost on 60,000 Planes 

Cost Savings in Dollars Time Savings in Hours 

Landing Gear Drag Brace., 

$ 558,000 

187,200 

Landing Gear Support 

1,117,200 

318,000 

Motor Mount 

6,250,800 

1,584,000 

Exhaust Fairing 

170,400 

63,600 


TOTAL SAVINGS $8,096,400 2, 1 52,800 hrs. 


This part was assembled by arc welding the two interior pieces of the 
tube and then assembling this subassembly with the other component parts 
by means of spotwelding. Arc welding of all seams is then completed. Table 
VI shows the savings in time and money through the use of this procedure. 

As was stated at the outset, the potentialities of arc welding in aircraft 
construction have not been fully reali 2 ;ed. Substantial savings in time and 
money, have, however, been made through its use and greater savings may 
be expected as its use is expanded. 

Unfortunately, present war and government restructions do not permit 
the release of total annual time and money savings. However, if all of the 
arc welded assemblies discussed were used on each of the 60,000 planes men- 
tioned in President Roosevelt’s aircraft production program for 1942, the total 
possible savings would have amounted to $7,874,400 and 2,152,800 man hours 
(see Table VII) as compared to previously used conventional methods of 
assembly. 




Chapter VH — Arc Welded Tubular Fuselage 


By Alan C. Renn, 

Assistant Foreman in Charge of Arc Welding, 

VuIecc Aircraft Inc., Vwitcc Field Division, Vultee Field, California. 



Subject Matter: Airplane fuselage. This paper ^r^ses the m- 
provements in arc welding procedure between 1940 and 1942. 
Welding time per fuselage has been reduced 60.3 per cent. Use 
of the larger electrode sizes and a propM balance b^een quality 
of weld have had an important effect. Other contnbuting factors 
include: simplification of design, use of subassembhes and use of 
automatic conveyor equipment. 


Alan C. Renn 


T his report on the tubular fuselage of the Vultee Valiant bask trainer 
is not intended to show the advantages of an entirely arc we ded stmeture over 
outmoded acetylene welding methods. To do that would be to raterate 
a foregone conclusion that has been proved endlessly by others. Rather, I 
will show the amazing progress that has been attained in the arc welding 

field^^elf^^eia comprised of 1? attachment forgings and 

bushings, 29? gussets, brackets, and fittings of 4139 chrome^moly sheet sto<±, 
ranging in thickness from .03? to .09?, and 110 pieces of 4130 chrome-moly 
tubing. The wall thickness of the tubes and the quantity percentages of 
each is as follows: 

_035 — 74% .0?8 — 4% .083 — 2% 

_049 — 13% .06? — 6% .09? — 1% 

Altogether, a total of 410 parts are arc welded into one integral unit. 
The orig inal engineering estimate for the man hours of welding for eadi 
fuselage is given at 100 percent. With production going into full swmg in 
June of 1940, these figures were lowered to 72.?0 percent at the very begin' 
ning. From then on, steady improvement was made to the present day low 
of 28.7?% welding hours for a completed unit. Many factors have entered 
into this improvement, and I will attempt to show these factors by comparing 
methods used in 1940 and the present day: 

1, Electrode Skes — ^Rod sizes used are as follows: 

1940-1/16-80%, ?/64-l?%, 3/32- i% of the total used. 

1942 — 1/16- ?%, ?/64^?%, 3/32-?0% of the total used. 


The trend to increase electrode sizes was the keynote in_ attaining our 
present production rate. Procedures were changed to permit longer con- 
tinuous welds, and welders were encouraged to use larger rod sizes. This, 
to some extent, was made possible by developing new techniques in manip’da- 
tion, principally the use of more current and choking of the arc when welding 
on thin material. 
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In this manner, the operator starts with a normal arc length, shortens the 
arc and “rides'” the rod when the parent metal accumulates excessive heat. 
The arc is then lengthened, shortly before intersecting another weld or upon 
continuing on heavier material, and vicewersa. Another important advantage 
in the use of larger rod was found in the welding of small parts where welds 
were extremely short. A 1/16 rod is good for making only two half-inch 
welds, whereas a 5/64 rod will do for 6 or more. 

2, Subassemblies — ^The breakdown of the fuselage into as many sub- 
assemblies and operations as practicable has had a decided bearing on the 
production rate. In this manner the operator will now have from three to 
six jigs to rotate on in the building of a section, whereas one jig was used 
in 1940. This allows more accessible jigs to be constructed and circumvents 
any necessary waiting by the operator for the set up of parts. 

3, Time and Motion Studies — ^Time studies have been made and put into 
practice for the placement of work. Thus the welders have the correct 
number of different subassemblies to build or operation to perform on the 
main frame to make a standard work day. Motion studies have resulted in 
the use of fast operating electrode holders and the elimination of a goodly 
portion of slag removal by hand. The balance is taken care of in the final 
sand blasting operation. 


Fig. 1. Arc welded tubular fuselage. 
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4, Conveyor Equipment — ^Vnltee has, to the best knowledge of this writer, 
the first powered, automatic conveyor line for aircraft welding. This has 
eliminated much of the time formerly lost in advancing the stations by hand, 
with resulting confusion of welding cables, relocation of ground cables, and 
other equipment. 

5, Ratio of Quantity to Quality — ^This has been one of the outstanding 
problems encountered by supervision and management and one of the strongest 
factors in utiliring the superior speed and strength of arc welding. At the 
start of production, emphasis was made on appearance. This, no doubt, was 
a carry over from the day of the hand made airplane. Our job, therefore, was 
to prove that arc welding applied at a rate conducive to high speed production 
might be uneven and at the same time surpass specifications for strength. 
When this was proved, we had only to level off at the correct quantity-quality 
ratio for the most profitable results. 

6, Simplicity of Design — ^As previous welding was done with acetylene 
and little consideration was given quantity production, the ‘‘Valiant^’ fuselage 
was at first a very intricate design. With the introduction of arc welding, the 
need was soon apparent for simplifying the structure. For example, one large 
tube was substituted in place of several small ones, and one bracket was 
redesigned to do the work of two or more. Another important point was 
gained by increasing the edge distance of sheet stock parts to permit the open 
ator to weld with speed and ease without burning the edges. 

The results of the foregoing factors may be seen in the following figures: 


Man hours Cost per 
of welding unit 

1940 100% * 100% 

1942 40% * 39.47% 

Savings 60% * 60.53% 


* (Based on an average hourly rate of $1,10) 

As the number of men necessary to weld one fuselage has been more 
than cut in half, hidden savings must also be taken into consideration, not 
only in dollars, but in precious manpower and material for the all out war 
effort. If twice the number of men were needed, we would be compelled 
to double the amount of tooling and floor space. 

Although the total amount saved through the use of arc welding in the 
past two years is meritorious, conversion of these savings into figures at this 
time would give a clue to the Vultee warplane production rate and must, 
therefore, be withheld. 

As we look to the future, we know that arc welding will continually add 
to the efficiency of aircraft manufacture as it has in the past. New, pep 
fected electrodes, procedures, and improved equipment will guarantee this, 
and arc welding will prove a vital factor in the all out production effort needed 
for victory. With the coming of peace, new and greater fields will open for 
our craft, anS arc welding will become as effective a tool for the peace-time 
aircraft industry as it has become during the war. 
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Chapter I — Arc Welded Diesel-Electric Freight Locomotive 

By John H. Hruska, 

Chief Inspector, Electro'Motive Division, General Motors, LaGrange, Illinois, 

Subject Matter: Problems involved in the construction of an all 
welded 5400-horsepower diesel-electric freight locomotive and the 
successful resistance of welded carbodies to temperature of the 
oven of 7-60'^. A general description of the locomotive is given 
together with references to the successful performance of this type. 
Favorable comparisons of weight and tractive force with steam unit 
constructed along conventional lines are made. Detailed discussion 
of major assemblies, including the all welded car body, under- 
frame front and rear end framing, side frames, outside paneling, 
etc., follows. The power plant is also described and welding tech- 
niques employed, detailed, together with the effect of weld metal 
in flux density, and the magnetic reactions of highly sulphurized 
steels used as generation frame material to reduce machining time. 

John H. Hruska Operating advantages are pointed out. 

Since the fateful day of Pearl Harbor, all branches of modern trans- 
portation in the United States have been overwhelmed with a volume of 
passenger and freight traffic hiAerto unknown in the annals of industrial 
progress in any country. Every” phase of the three principal types of trans- 
portation services was affected by the impetus of these events: Aerial as 
well as maritime cargoes have overnight reached unbelievable proportions, 
while America’s railroads were at the same time expected to haul not only 
scheduled trains, but to move troops and defense materiel commensurate 
with the nation’s determined war efforts. This job required the utmost 


Fig. 1. 5400-hof8epowe7 4-uiiit locomotive ready for service. 

IQl 
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in tonnages* to be moved, speeds to be maintained besides greatest versatiKty 
of motive power, which combined requirements simply could not be ex^ 
pected of the available conventional steam engines. 

The Diesel" electric streamliners in passenger service have made history by 
their faithful gruelling mileages accumulated daily at high-speed schedules 
over practically all leading railroads, while the same kind of motive power 
has very definitely proved its operating economies in continuous yard^ 
switching service. This superiority over steam locomotives spurred the 
efforts towards the development fo such power equipment, which could 
develop the highest possible tractive effort and attain speeds up to 70 or 
75 miles per hour — and do it economically for nearly 24 hours a day, seven 
days per week. In order to achieve this goal, all operating experiences were 
scrutinized before a definite design and ultimate construction of the first 
“universal” Diesel-electric freight locomtive became realities. The initial 
imits were admittedly experimental, but improved production locomotives 
were built and delivered in considerable numbers within the year, which 
have received immediate endorsements by the railroads, and which have 
warranted an A-l-A priority rating by the war production board for their 
significance in defense transportation. 



Fig. 2. The Brst 5400^horsepowe7 Diesel-electric freight locomotive on trial run. 

Material Considerations — In the early stages of development, it was read- 
ily evident, that a fully utilitarian high-speed freight locomotive of the 
Deisel-electric type must operate under any atmospheric conditions, ranging 
from some 120° above to as low as 40° and perhaps even 60° below zero. 
Actual surface temperatures of locomotives used in Pacific and southwestern 
desert areas were recorded to unbelievably high values, but, metallurgically, 
greater concern must be expressed over the resistance of various materials 
to impact stresses at very low temperatures. Some doubt has been voiced 
by adherents to conventional ^team power as to the importance of low 
temperatures in actual service conditions. Perhaps the high percentage of 
castings together with the heavy masses required in their construction are 
the major reasons for this attitude. Recorded experiences of northern and 
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western railroads with steam locomotives indicate definitely a higher fre-' 
quency of material failures m extremely cold weather. In contrast, not one 
failure of this origin has ever been reported with welded car bodies nor 
welded crankcases after more than 100 millions cumulative mileages on 
high-'Speed Diesehelectric streamliners. In order to justify this considera^ 
tion, the author has made a study of prevailing low temperatures in those 
territories, where Diesels are expected to render unmterrupted service This 
task included preparation of a survey from the records of the U. S. Weather 
Bureau by compiling the lowest temperatures of the arbitrarily selected years 
of 1900, 1910, 1920, 1930 and 1940. The table below summarises these 
figures* 


U S Weather 
Bureau Station 

Railroad 

Service 


Lowest Temperatures in 
Degrees Fahr for Year 


All Time 
Lowest 

at 

by 

1900 

1910 

1920 

1930 

1940 ' 

op 

Duluth, Mmn 

Gr Northern 

No Pacific 

Soo Line 

-22 

-22 

-25 

-28 

-22 

-41 

Hallock, Minn 

Gr Northern 

~37 

-39 

-39 

-44 

-31 

-51 

Moorhead, Minn 

Gr Northern 

-26 

-28 

-35 

-29 

-23 

-48 

Eau Claire, Wis 

Chicago fis? N W 

-23 

-32 

-30 

-30 

-21 

-40 

Williston, N Dak 

Gr Northern 

-41 

-40 

-37 

-28 

-26 

-49 

Bismarck, N Dak 

No Pacific 

-33 

-37 

-32 

-28 

-26 

! -45 

Kalispell, Mont 

Gr Northern 

-19 

-22 

- 8 

-23 

- 7 

j -34 

Miles City, Mont 

Milwaukee 

-16 

-29 

-31 

-31 



i -49 

Pocatello, Idaho 

Union Pacific 

-15 

-15 

-3 

-22 

- 2 

1 

1 -22 

Lander, Wyo 

Colo £*? Southern 

-30 

-32 

-19 1 

-39 

-23 

1 -40 

Yellowstone, Wyo 

Union Pacific 

Colo Southern 

-25 

-20 

-25 ^ 

-34 

-42 

1 -42 

Cheyenne, Wyo 

Union Pacific 

-18 

-10 

-14 

-30 

-19 

1 -38 


The above official minima for the stations mentioned were exceeded 
in 1936 by temperature readmgs down to 60^ below zero in Riverside, 
Wyoming, within the Rocky Mountain region. It is interesting to note, 
that only Diesehelectric equipment maintamed railroad operations, while 
steam locomotives simply froze up Similar expenences have been freely 
admitted by operating personnel m other sectors as far south as Nevada. 
It IS felt, therefore, that the selection of materials, joints and auxiliary 
equipment for highly available motive power units should make allowances 
for decreases of impact resistance to as low as 60° below zero This thought 
has been incorporated into the engineering and control tests of all important 
parts of the new locomotive with fully accountable returns in safety and 
availability for all atmosphenc eventualities 

General Description of the Locomotive — ^Looking back upon the fre- 
quently cited steam monsters as the 2'10T0-2 locomotive of the Virginia 
Railroad or the 2-8-84 freight locomotive of the Northern Pacific, the 
new E-M Diesel-electric locomotive represents a decidedly radical departure. 
This IS true m regard to external appearance as well as to the construction 
of its power plant and other mechanical equipment. A sketchy general 
description of the many innovations from time-honored practices will shed 
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the first light upon the many reasons why welding was utilized so generously 
in the assembly of the final product. 

The ‘"‘locomotive’'* is actually a multiple of four ‘units” so designed that 
all may be operated from control stations in the engineers’ cab of the 
streamlined nose of the leading or both ends. The first alternative (with 
one streamlined unit only) permits road operations in but one direction, 
whereas, the adoption of units with control cabs on both ends (that is, the 
first and fourth unit) eliminates the necessity of turning the entire locomo- 
tive at the terminal Fig. 1 shows the second possibility. Both are rated 
at a total of 5400 horsepower. The units or sections are ordinarily known 
as cab unit, A, B and C sections. Each unit or section is powered with a 
1350 horsepower Diesel engine of General Motors two-cycle type, which 
engine is directly coupled to a 600 V direct-current generator in addition to 
a three-cylinder, two-stage Gardner-Denver air compressor. 



Fig. 3. Side Tiew ol corbody before instollaiion of eqidpment and paneling. 


The generator of each unit supplies electrical energy to four type D-7-k 
direct-current motors also developed and built in the shops of Electro" 
Motive. The potential economy of multiple units is evidenced from advan- 
tageous flexibility over ordinary steam power. Thus, it is possible by a 
few uncoupling manipulations to change the large 5400-horsepower locomo- 
tive into a single 1350-horsepower, double or 2700-horsepower, and triple 
or 4050-horsepower combination. This advantage is rarely of interest in 
these days of exceedingly heavy traffic, but it will undoubtedly become a 
feature when normal freight schediiles are resumed. It appears, that the 
two-cab 5400-horsepower combination has some attraction, because it is 
easy to split the same into two 2700-horsepower units or a 4500-horsepower 
and one 1350-horsepower plant, both furnishing motive power to two trains. 

If a railroad operates two or several complete locomotives, still other 
combinations are feasible, thereby adjusting motive power efficiently to vary- 
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ing traffic conditions without sacnficmg mobility of each unit Inasmuch as 
the nominal maximum speed can be raised to a rated top speed of 80 miles 
per hour, such split units may haul heavy freight tonnages at relatively 
low speeds, while the balance may operate without even a simple adjust- 
ment m passenger service. 

These reasons together with the remimerative operations and mechan- 
ical ease of control were certainly some of the reasons for the immediate 
response especially by“ those railroads, which did anticipate operating diffi- 
culties: 


Table I — E-M Diesel-Electric Freight Locomotives 
, Delivered in 1941 and 1942 


Purchaser 

R.R. 

Locomotive 
Serial No 

Month and Year 
of 

Complete 

Delivery 

Number of Units 

Total H.P. 
per 

Locomotive 

With 

Cab 

Without 

Cab 

Southern Railway 

6100 

May - 1941 

2 

2 

5.400 


6101 

July — 1941 

2 

2 

5.400 

Great Northern Ry 

5700 

May — 1941 

1 

1 

2,700 


5701 

June — 1941 

1 

1 

2,700 


5900 

Oct -1941 

2 

1 

4,050 

Chicago, Milwaukee, 






St Paul 6? Pacific 

40 

Oct - 1941 

2 

2 

5.400 

Western Pacific 

901 

Nov. — 1941 

1 

3 

5,400 


902 

Dec. - 1941 

1 

3 

5,400 


903 

Jaa -1942 

1 

3 

5.400 

Denver 6? Rio Grande 






Western 

540 

Jaa ^1942 

1 

3 

5.400 


541 

Feb —1942 

1 

3 

5,400 


542 

Feb — 1942 

1 

3 

5,400 

Atchison, Topeka 

100 

Aug. - 1941 

1 

3 

5.400 

Santa Fe. 

101 

Aug — 1941 

1 

3 

5,400 


102 

Sept. - 1941 

1 

i 5 

5,400 


103 

Sept. - 1941 

1 

1 3 

5.400 


104 

Nov. — 1941 

1 

i 3 

5,400 


105 

Mar. - 1942 

1 

S 3 

5,400 


106 

Mar. - 1942 

1 

3 

5,400 


107 

Apr. - 1942 

1 

1 3 

5.400 


108 

Apr. - 1942 

1 

3 

5.400 


109 

May — 1942 

1 

3 

5.400 


110 

May — 1942 

1 

3 

5,400 


111 

May — 1942 

1 

3 

5.400 


112 

May - 1942 

1 

! ^ 

5.400 

Total as of May 3L 1942 



29 

66 

128,250 


Table I summarises the first “educational" orders placed by several rail' 
roads, after the original 5400'horsepower demonstrator operated 83,764 
miles on twenty Class I railroads in 35 states under aU imaginable condi' 
tions, that is, from sub-zero to 115® above, as well as from sea level to 
10,000 feet elevation. Although these performances surpassed any riveted 
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FI 9 . 4. The nose of the cab unit after welding* 
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and cast steam locomotive thus far built, the fundamentals governing the 
all welded construction of the new Dieseh electric included more power and 
actually less weight for the complete four-unit locomotive. 

This is best demonstrated by a comparison of the complete 5400-horse- 
power combination and a 2700-horsepower split on the basis of tractive 
effort (in pounds) versus speed (in miles per hour). Analysis of this prob- 
lem indicates, that the starting tractive force of the new four-unit combina- 
tion, (See Fig. 2), is 220,000 pounds, while such famous monsters as the 
Northern Pacific’s freight steam locomotive was rated at 153,300 pounds and 
weighing 1,116,000 pounds against 923,000 pounds for the Diesel Simple 
mathematics prove, that the latter weighed 17.3 per cent less than the steam 
locomotive, with an increase of 43.4 per cent in tractive force. Some addi- 
tional information on the dimensions, weights and ca.pacities are tabulated 
below: 


Number of units i ^ 

Total length 193 ft. 

Max. width over posts 9 ft. 10 m. 

Max. width outside grabhandles.....-- 10 ft. 7 m. 

Height above rails — - - 14 ft. 1 in. 

Number of wheels per unit.— i 8 

Wheel diameter 40 m. 

^gid wheel base of trucks 9 ft. 0 in. 

Weight of cab unit, completely loaded 230,000 lbs. 

Weight of units without cab, completely loaded 228,500 lbs. 

Fuel oil capacity per section - 1,200 gals. 

Lubricating oil capacity per section 185 gals. 

Cooling water capacity per section - 245 gals. 

Boiler water capacity per section— 600 gals. 

Sand capacity per section 16-22 cu. ft. 


The All Welded Carbody — Static and dynamic loading of the carbody 
of each locomotive unit is based on principles governing modern bridge 



Fi^. 6. Building the cob unit 0 $ the 5400-horsepower freight locomotive. 
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construction. Supported in two geometrical planes through the centers of 
the bolsters— this distance being 27 feet 3 inches — the design of the frame' 
work approaches somewhat the construction of the already 'mentioned 
Diesel'clectric streamliners. Working stresses dictated several deviations and 
thus the cartody is not only shorter but appears to be sturdier and less 
‘elastic h The smooth riding properties of the high-speed passenger units 
have been an incentive even in the engineering of the freight units. The 
new units are equipped with substantially a very similar type of helical and 
elliptic springs, which are intended for comfort to the operating personnel. 

The design features are shown in Fig. 3 which illustration gives some 
conception of the major parts of the carbody framework. This ^‘skeleton’^ 
may be used in the making of an A, C or D unit, that is, without a cab. 
The latter is shown in Fig. 4 as a semi'finished front portion of the loco' 
motive. 



Fig. 7. The cdl welded roof hatch. 


The principal parts of the carbody are prefabricated and consist of: 
(a), underframe construction, (b), front end framing, (c), rear end fram' 
ing. (d), side frame, left, (e), side frame, right, (f), roof framing, 
(g), roof hatches* and (h), outside paneling. 

(a) Underframe — ^AIl major mechanical equipment — ^like the powerful 
Diesel engine, the generator, the compressor, etc. — ^is mounted directly to 
the underframe. A view of the upper side of this frame is presented in 
Fig. 5 . The loads are carried primarily by a center sill, side sills and other 
suitable supports. In addition to these loads considerable weight is brought 
about by rather large, also welded, tanks for fuel oil and water, which are 
ultimately integral parts of the frame. A |4'hich bottom plate in front and 
in the rear of the base adds, of course, to the rigidity of the quite intricate 
structure. Before final assembly, substantial coupler pockets are welded to 
both ,ends of the underframe. 

(b) Front end framing — Streamlined appearance has become a recog' 
ni^ed symbol of many modem products of our industries. From cars to 
locomotives, this requirement combined with economical performance arc 
standards demanded today by private purchasers or directorates of the larg' 
est railroads. In recognition of this demand, the leading front, (or some' 
times even the last), units of the new freight locomotive have been arc 
welded so as to resemble the now popular “nose” of the DieseFelectric 
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''streamliners” or high-speed passenger units. As a safety feature, the ex- 
ternal smooth surface of 11- or 12-gauge steel sheet is supported by a 
very massive construction. Collision posts of 5-inch x iy2-inch cross section 
are securely welded on both ends into the structure. Stiffening angles and 
channels, made of 7-gauge steel plate, are welded wherever necessary, which 
together with a sturdy base plate assure anti-collapsing deformation if a 
front end collision should occur in service. Most of the welded joints are 
%0-inch for the stiffeners, but for the heavy collision posts in order 

to assure secure fastening. 

The actual operating controls center around a roomy engineers’ cab. 
(See Fig. 6), which is built somewhat over the front bolster. Of all sec- 
tions of the four units, it has been given intentionally the highest floor level 
above the rails, thus affording maximum visibility for safe handling on the 
road. The operator has easy access to a controller, reversing lever, brake 
equipment, light switches and all indicating instruments from his comfort- 
able seat on the right side of the room. The cab is so designed, that its 
floor supports together with front bulkhead and partition framework add 
considerable strength to the nose structure. 



Fig. 8. Trucldng the ccd> unit 

A few remarks may be added on the final sheet covering: the carefully- 
hammered front sections of steel sheets are plug-welded from the inside 
and all joints are finally covered with continuous butt welds. Grinding of 
these beads and expert polishing of the curved surfaces is the subsequent 
preparation for paint application. Great care and judgment are prerequisites 
for these operations. Fig. 4 shows one of the latest cab units just before 
transfer to the paint shops. 

(c) Rear end framing — ^Except for the cab front, all other ends of the 
two or three units are identical in design. The same is true of the opposite 
ends of the cab units. The anti-telescoping principle was embodied into the 
original layouts. Thus a T 3-inch wide and %-inch thick plate and zee 
together with strong end angles and inner posts provide for good impact 
resistance in case of accident. All materials are, of course, considered in the 
light of shock reristance at very low atmospheric temperatures, 

(d) and (e) Side franrfng’ — The principal parts of the side framing. 
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which is naturally of either left or right design, are best described by 
referring again to Fig. 3. The load carrying high tensile bolster posts are 
d^inch by 6dnch H-beams, whereas intermediate posts and important diag- 
onals or horizontal braces are 4^inch by 4-inch H^beams. ^ Various stiffeners 
are again added to serve as supports for the side paneling and for some 
mechanical equipment and piping on the finished inside of the car body. 
The mentioned beams are welded with high tensile electrodes to the under- 
frame and the outside ground flush after shot blasting the entire assembled 
structure. This permits the convenient application of smooth panels directly 
to the framework, as shall be described in paragraph (h). 



Fig. 9. Macrograph of automatically welded T joint in engine crankcase. 

(f) Roof framing — The upper part of the end and side framing is held 

in place by a series of lateral roof beams and roof sheets with ample pro- 
visions for the subsequent placing of the roof hatches, the openings for 
which indicate that the roof framing is actually a multiple stress carrier 
besides being a support to essential grids, etc. ^ 

(g) Roof hatches— All large machinery or equipment — such as the Diesel 
engine, main and auxiliary generators, compressor, oil cooler, etc . — is in- 
stalled into the finished car body through the rectangular openings in the 
roof. After this installation, the openings are covered with suitable hatches, 
(See Fig. 7). These are all welded assemblies, but they are bolted to the 
roof, thus permitting convenient removal of some of the major equipment 
in case of necessary inspection or repair. 

(h) Outside paneling— A very desirable outside finish for the flat por- 
tions of the carbody has been found in the utilization of large panels of 
so-called metal-covered plywood. The a’oss-sectional characteristics of a 
typical %-inch panel used on the sides of the locomotive are 27-eraufi^e cral- 
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■vanealed sheet over three-ply boards, all held together with a very strong 
bond of glue. In manufacture, the wood is thoroughly dried and then cov- 
ered with the metallic sheet all over, the edges being hand-soldered so 
hermetically as to keep all moisture out The carefully inspected panels are 
bolted to the flat outside of the welded carbody structure by means of 
2-inch-wide, J4'^ch-thick battens, the space between two adjacent panels 
being filled with a special never-drying asphaltic putty No corrections are 
permitted on any of the panels for reasons stated above — they just have to 
fit or they are rej'ected. This type of paneling has been found to be highly 
satisfactory and welding processes have permitted the advantageous use of 
otherwise prohibitive designs Riveted or bolted structures could obviously 
never produce the smooth “streamlined’’ finish of the sides of the new multi- 
unit locomotive. The paneled watertight carbody is manually degreased 
and immediately protected by a coat of special priming paint The thus- 
prepared carbody is lifted from its supporting pedestals over the two trucks, 
(See Fig. 8), and after making all electrical and flexible connections moved 
into the paint shops. There the final decorative effects are sprayed on the 
various parts of the unit together with the designations of railroad, locomo- 
tive number, etc. 

Motive Power Plant — As indicated in the general description of the 
locomotive, electric current is generated by power from one 1550-horsepower 
16-cylmder General Motors Diesel engme of the 2-cycle type in each of the 
four locomotive units The engines are known as Model 567, are of the 
V-type, have solid unit injection and high compression with medium speed 
The engine data is as follows 


Energy output 1,350 H.P. 

Number of cylinders 16 

Number of exhaust valves per cylmder 4 

Diameter of crankshaft 7.5 

Diameter of crankpins 6 5 

Number of mam bearings 10 

Compression ratio 16T 

Bore, diameter 8 5 in. 

Stroke 10 in. 

Starting speed, max 100 rpm. 

Idling speed 275 rp.m. 

Max governed speed 800 r.p m. 

Total displacement 9,079 cu. in. 

Weight of engme, approx 30,000 lbs 

Weight per H P 22 2 lbs. 


The prmcipal parts of the engine are built into a comparatively light 
all welded crankcase weighing, finished machined, about 8,750 pounds, 
which is bolted to a supporting oil pan In companson with cast crank- 
cases of competitive Diesels, weight reductions ranging from 58 to 80 per 
cent have been achieved by a series of systematic developments in the 
design of the case until the one shown has been adopted in the latter part 
of 1941 The material used is predominantly one of high-tensile low-alloy 
plate of to 54'inch thickness, for which the typical metallurgical proper- 
ties are given in Table 11. 

The Crankcase — The crankcase is 14625 inches long and is built of 
prefabricated parts suph as the airboxes, bearing supports, lift hooks, etc 
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AU joints are made by cither automatic or manua! welding. The automatic 
process m utili:ted m making the specific T-joint of the airboxes, which othep 
wise could not be accomplished by manual procedures. Its adoption wai 
based on the studies made by the wnter since early in 1936 on the high 


Table II— High-Tensile Low-AUoy Plate of Welding Quality 


Type of Plate 

Manganese 

Molybdenum 

Chrome 

Zirconium 

Nickel 

Chrome 

Copper 

Ctetticai Composition* 


013 

012 

Carbon, per cent 

0.15 

Manganese, per cent ... 

0 85 

0 68 

0.88 

Silicon, per cent - 

024 

090 

0.40 

Pbmphorous, per cent 

OOIS 

0023 

0.015 

Sdphnr, per cent 

0017 

0 027 

0.022 

cent 

Cbromc, per cent 


0.13 

0 55 

. , 

0.50 

0 68 

Molybdenum, per cent ^ 

Zircomum, per cent 

048 

0.20 

0.14 




0.63 

Copper, per cent - - - 

Physical i^operties; 


0 09 

Tensile Strength p s i — 

75,200 

74,350 

82,200 

Yield Point p s i - 

j 46,140 

51,300 

54,800 

Ebngation in % 


37.5 

31.5 

Reduction of area 

58 9 

1 69.2 

58 8 

Rockwell Hardness. 

B83 

B83 

B83 

Bend test 

180 

180 

180 

Low Temperature Shock 

Resistance (Charpy), 


66 

51 

m. ft. lb , at plus 75°F 

47 

nlns 

47 



plus 25®F 

44 

<56 

42 

0®F. 

36 

60 

38 

minus 25 ®F. 

20 

........ 

35 

minus 50®F. 

24 

53 

30 

minus lOOT . „ 

18 

39 

10 


volumetric penetration of the welding process. By studying many hundreds 
of experimental and production welds, it has been found that for low 
carbon steels some 140 to 220 per cent of parent metal is molten on the 
basis of 100 per cent added welding rod metal for most butt welds and 
many fillet welds This findmg was developed into the T^jomt, the cross' 
sectional macrograph of which is shown in Fig. 9. 

This joint is welded m the position shown and the upper Yz'meh plate 
of high tensile steel is tightly clamped to the vertical ys^mch plate of the 
same material. The direction of welding is from the upper side, the clec' 
trodc bemg vertical or perpendicular to the upper plate. In order to pro' 
duce the hori 2 ;ontal outline flush with the plate, a very carefully planned 
preparation is needed prior to welding. This is accomplished by machinmg 
a %'inch wide and deep groove on the upper side of the plate 

The area measures 0 235 square inches and the totsJ area of the complete 
weld 0 590 square inches, thus indicating a volumetric penetration of 151 
per cent. The fillets shown are maintained by solid or water-cooled copper 
bars fitted tightly mto the 90® comers. The welding procedure is as follows: 
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Intensity of current, Amps 1300 

Voltage — : 30 

Current imput, K.W 39 

Speed of welding, in. per min ■ 1 3 

Diameter of electrode, 


Practically no corrective measures, such as chipping or grinding, are 
necessary since the top of the weld is flush for all practical purposes. The 
balance of the joints are made by using a nominal 0.50 per cent molybdenum 
electrode. In production, positioners of two types are used in order to 
permit down-hand welding: One simple device moving the case along the 
longitudinal axis and another positioner which enables the operator to place 
any joint into a nearly horhjontal direction by utilising two 180^ segmentary 
worm gears operating perpendicularly to one another. This principle follows 
the trends of modem welding as well as the War Production Board 
approved conservation of hard-to-get alloy electrodes. The operators use 
%6-inch and J4''inch diameter electrodes at 160 to 280 amperes for most 
applications and good welds have been consistently obtained. After careful 
visional examination and dimensional checking by qualified welding inspec- 
tors, the crankcase is stress relieved in a 75-foot by lO-foot by P-foot gas- 
fired furnace. The thermal cycle consists in a 6-hour heating to 1200 to 
1225 °F., soaking at temperature for 3 to 4 hours, followed by a slow cool- 
ing to 300®F. before removal. The case is shot blasted and ready for ma- 
chining. The finishing involves the use of many highly specialiijed produc- 
tion machines, the description of which is outside of the scope of this paper. 



Fig. 10. Two oil pons on manipulator during welding. 

The Oil Pan — ^In the described Diesel engine, the oil p?Ln, (See Figs. 10 
md 11), serves primarily as a base ioT the engine into which pan an oil 
iump is built. This assembly supports only static , loads, for which reason 
).15 to 0.23 per cent carbon isteel The engine crankcase rests on 

wo top rails 254''hiches wide by (>mcK thick which are welded to a 
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kich .side plate and ^4nch end plates respectively. The oil sump is fabri- 
cated from cold bent J/ 4 -inch plate, which is welded into the ’structure as 
indicated. Horizontal positioners are also used by the operators and elec' 
trodes for down^hand work have been adopted for this ^ quality welding. 
Little distortion has been experienced during these operations. All outside 
welds are ground flush to give smooth appearance. All welds of the sump 
must, of course, be oil tig,ht. The length of the completed oil pan is 



Rg, 11. End view of all welded oil pan. 


determined by the crankcase it supports, hence being 146.250 inches plus 
or minus 0.005 inches. The weight conforms to the expected reduction from 
the bulky cast bases down to about 1750 pounds finished and ready for 
installation into the locomotive. 

The Welded Main Generator — ^As indicated in the introductory paria.^ 
graphs of this paper, the greatest part of energy produced by the Diesel 
engine is transmitted to the generator, both being integrally connected by 
a flexible coupling. Thus the generator produces the D.C. current for ener- 
gizing the four traction motors of each unit, and its purpose is, of course, 
vital to the satisfactory operation of the locomotive. The design and ultimate 
operating features are hence equally important and a description of its main 
frame assembly may be an index of the returns in operating profits derived 
from the application of welding in the manufacture of this part of the loco- 
motive’s motive power. 

The finished generator frame consists primarily of a continuous steel 
ring 25 inches wide, 50]/^ inches inside diameter, which latter dimension 
must be accurate within plus or minus 0.002 inches. This accuracy is 
b^r thp. interpole and field coils, which are bolted to the frame 
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from the outside. Careful planning of operations has been worked out in 
order to achieve this requirement. Accordingly, the frame is fabricated from 
a plate 26"mches wide, about 172-'inches long and 2J4"hiches thick. The 
material must satisfy low magnetic losses as well as fairly high static strength. 
Both somewhat contradictory specifications are met by an intermediate 
analysis of which the following is a typical example: 

Carbon 0. 1 1 per cent Phosphorus 0.008 per cent 

Manganese 0.54 per cent Sulphur 0.0 18 per cent 

Silicon 0.01 per cent Copper 0.1 7 per cent 

This plate, weighing around 2695 pounds, is cold-shaped to approximate 
a rough ring of 54 inches outside diameter plus or minus ^'xQ-'inch. The two 
ends of this ring are subsequently flanie'-beveled for automatic welding on 
the inside and outside of the plate. The joint is made under conditions 
indicated below: 


Number of passes 

Intensity of current, Amps. . 

Voltage 

Speed of welding, in. per min. 

Diameter of electrode, in 

Width of bevel, in 

Depth of bevel, in 


Outside 

Inside 

Weld 

Weld 

1 

1 

. 2400 

1200 

. 5? 

35 

. 6.5 

4 

. 14 


. % 

14 

■ Vs 

14 


After careful inspection for complete penetration, the ring is clamped 
to a positioner and the two legs applied by down-hand welding. These legs 
consist of a flat piece of steel measuring 23 inches by 8]/^ inches by 



Fig, 12. Macrograph of automatic weld on generator nng. 
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indies. Four equally space ^-inch thick supports are then welded complete 
ing the leg assembly. The 0.15 to 0 16 per cent carbon electrodes are of 
and ^-mch sice, currents \ar>ang from 180 to 220 amperes Four 
pads are welded on top of the nng into which l54'io.ch holes for lifting 
lugs are tapped during machming Before any mechanical operations are 
performed, the rough frame is carefully stress relieved by 6'hour heating to 
1200 to 1225^P, soaking four hours at temperature and slow cooling to 
500®F. in the furnace The frame is removed, shot blasted and finally ma^ 
chined. 

Tests w^ere made with this material m order to study the effects on flux 
density at various magnetizing forces, which indicated that the alhweld 
metal showed only very slight vanations from the ring material, thus con- 
fir min g that this method of construction was definitely supenor to the 
previously used castings, which indicated consistent magnetic non-uni- 
formity 

Perhaps one additional possibility of modern metallurgy may be men- 
tioned here since it offers great economies if further developed The de- 
scribed method of automatic welding led the author to expenment with the 
use of highly sulphurized steels (up to 0 250 per cent S) as generator frame 
material. This was especially tempting because preliminary tests indicated 
38 to 50 per cent less machining time for this modified analysis as com- 
pared with material of identical carbon concentration, but without sulphur 
The prime consideration of magnetic reactions was investigated and the 
following figures obtained with 0 09 and 0 15 per cent carbon steels of both 
types. 


Magnetizing Force 
in Gilberts per cm 

Flux Density 

0 09% G 

in Kilogausses for 0 022% 

S Steel with 

0 15% G 

10 

13 3 

11 4 

20 

14 8 

13 9 

40 

16 3 

15 6 

60 

17 2 

16 5 

80 

17 8 

17.1 

100 

18.2 

17 y 

120 

18 6 

18 0 

140 

18 9 

18 3 

160 

19.2 

18 6 

Magnetizing Force “H” 

Flux Density 

“B’’ in Kilogausses for 0 244% 

S Steel with 

m Gilberts per cm 

0 09% C 

0 15% C 

10 

12 0 

10 8 

20 

14.7 

13 6 

iO 

16 4 

15 5 

50 

17.4 

16 3 

50 

17.9 

169 

00 

18 2 

17.3 

20 

18.5 

17.7 

40 

18 8 

18 0 

160 

19.0 

18.4 
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An actual macrograph of one of the welds is reproduced as Fig. 12 The 
conditions under which the two welds were made are* 


Si 2 e of Weld 

Large 

Small 

Width of bevel, m. 

l%e 


Height of bevel, in 

Vs 

'/2 

Diameter of electrode 

%6 

14 

Intensity of current, Amps 

2100 

1200 

Voltage 

50 

35 

Speed of welding, in per min 

8 8 

10.0 


Unfortunately, the experiences with automatic welding were not dupli^ 
cated by manual operations The controllable slowing up and puddling of 
the automatic process could not be attained consistently by available elec- 
trodes, but even so, some twenty of the generators have already been suc- 
cessfully tested and no differences were noted between the electrical 
efficiencies of both. 

The finished generator frame is then ready for further assembly; arma- 
ture, beanngs, fan, mam and commutatmg poles are installed without 
further application of welding. The masses involved are quite substantial, 
the commutator weighing around 5700 pounds, the generator field 6300 
pounds, and the finished generator, ready for installation, some 12,950 
pounds 

Proportionate Operating Advantages of Welded Freight Locomotive — 
With the contemporary demands for mereased production, the need for the 
highest efficiency in passenger and freight transportation becomes ever more 
pertinent Anticipating this need even before the present emergency, foun^ 
dations were laid to consolidate previous experiences with a wholehearted 
endeavor to design a power unit exclusively for welding. This tendency 
resulted m greatly simplified welding practices, which ultimately led to an at 
least 50 per cent reduction in total time of delivery — z factor which cer- 
tainly IS paramount m the minds of production and defense officials. These 
benefits could naturally not be enjoyed without making specific analyses of 
all Items hinging on the utili2;ation of the welding processes. The metal- 
lurgical reasons were found to be definitely sound after practically not a 
single weld failure was recorded even with high-speed passenger locomo- 
tives. Thus it became a matter of selecting the most efficient weldmg ma- 
chinery or generators to which appropriate weldmg electrodes and prefer- 
ably down-hand technique must be added as decisive factors of economy. 
Most weldmg is, hence, done with 0.50 per cent molybdenum and some 
with straight low carbon steel electrodes rangmg in diameter from to ]4' ' 
inch. T5q3ical electrode data follows: 

Diameter of electrode, in 

Length of electrode, in. 14 14 

Normal current intensity, amp. 150 270 

Voltage 27 35 

Arc 4.05 9 45 

Coating, per cent in 14 in. 18.9 21.9 

Frequmtly, the current input is much greater, but actual settings depend on 
additional consideratiom, such as tibickness of plate wdded, degree and kind 
of necessary bevel, etc. 

The generous use of manual and some automatic welding procedures 
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m the bmHmg of the first freight locomotives of the Diesel-electnc class 
should probably be evaluated m the light of a new product. This is especial^ 
ly true because of the claims of older operating personnel of railroads, that 
the newcomer has replaced steam engines at the rate of one Diesel replacing 
two steam locomotives While the present facts accumulated from actual 
operating record, are available, let us rc\ncw the status of such important 
questions as tonnage hauled, average speed, daily mileage, fuel cost and 
similar items affecting the balance sheets of operations. Careful notes have 
been kept dining the fact-finding runs over vanegated terrain since 1940 and 
power was perhaps the first impressive advantage of the new units Below 
are just a few of the expenences* 


Railroad 

Route Covered 
Between 

Tonnages Hauled ; 

per Locomotive hy 

Percentual 
Increase 
Over Steam 

Steam 

Diesel 

Boston ^ Marne . . 

Mechanicville'E Deerfield 

4400 

6500 

48 


E Deerfieid-'Hoston 

2350 

5000 

111 


Bostoo'E. Deerfield 

2050 

4000 

95 

i 

E Decrfield-Mechanicvilie 

2400 

4200 

1 

1 

Frisco Lines. - 

Spnngfield^Tulsa 

2550 

4600 

1 

i S5 

Monon Route. 

McDoehBrainbndge 

3075 

5000 

63 

Enc. 

ManonKent 

[ 2800 

5000 

79 


Kcnt-Meadville 

1 3100 

5700 

84 

Southern 

Oakdale'Danville 

1750 

3750 

114 


The next factor of interest is average speed Although there never has 
been a bona fide attempt at any speed or tonnage records, even the first 
54(K)-horsepower Diesel owned by the Santa Fe Railroad made the 1762-mile 
trip between Argentine, Kansas, and Los Angeles, Cal. at an average speed 
of 32 3 miles per hour. The locomotive pulled 68 cars or 3,150 tons. The 
locomotive had ample reserve capaaty for moving a much heavier train 
and at much higher speeds. Generally, this run requires the services of 
seven steam locomotives with 12 stops for fuel and water besides 16 ad- 
ditional stops for water. The Diesel-electnc freight locomotive stopped 
only four times to refill on fuel Actual figures for several railroads foUow: 


Railroad 


Northern Pac. 


Route 

Between 


Pascoe- 


Missouri Pac, 


Spokane 
Kansas City- 


St Louis 


Kansas City 

Southern...... 

Milwaukee 

Great Northern... 

Baltimore 6? Ohio....i 


Pittsburg- 
Dequeen 
Othello-- 
Avery 
Wenatchee- 
Minneapolis 
Kelly Lake- 
A11ouc2 


Distance 

Tonnage Hauled 

Average 
Speed 
m ph 

Increase 
in Speed 
Over 
Steam 

in 

Miles 

Steam 

Loco 

Diesel 
Loco j 

98 


6000 

26 

160 

283 

4800 

5675 

36 

72 

210 

2650 

3250 

21 

17 

212 

4200 

6010 

26 

86 

1612 


5400 

31 

Never* 

105 

— 

16200 

26 

Attempted 

44 

1 
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Railroads are also interested in the maximum possible coverage of distances 
and greatest utilfeation of their expensive motive power. This gives some 
idea of both items: 


Railroad 

Average 

service 

hours per day 
(utilization) 

Average 

daily 

mileage 

Total 

mileage 

covered 

Northern Pacific 

]S/fissonr^ Pacific 

18 3 

20 0 

376 

435 

5260 

4350 

Chicago 

20 2 

271 

1896 

Chicago 

_____ IQ 8 

487 

4872 

Atchison, Topeka Santa Fe .. 

17.7 

402 

12871 

Chicago, Burlington 6? Qumey 
Kansas City ^ Sm 7 tbf>rf) 


393 

3929 


373 

3726 




The foregomg tabulations are significant from an overall viewpoint of op- 
erations When analy 2 ;ing the details of the economies it will readily be 
noted, that they point distmctly to the use of liquid fuel, which may easily 
be handled and stored m welded tanks either at the terminal or en route 
with the locomotive. Fuel cost is therefore another index to feasible country- 
wide adoption of this new type of motive power in fast freight service. 
Fuel costs should be of mterest in comparison with coal or oil burning 
steam engines. 


Railroad 

Mileage 

Covered 

Cost Items 

Steam 

Engine 

Coal 

Burning 

Steam 

Engine 

Oil 

Burning 

Diesel' 

Electric 

Rio 

127 

Cost of fuel 

$2 36/ton 
336 Ih 


$0 043/giL 
2.84 gi 
0124 


Consumption of fuel 




Cost per M.G.T.M 

0 397 


Kansas City So ... 

430 

Cost of fuel 

$2 40/ton 
150 lb 
01798 

$0 022/gal 
75 

01642 

$0 045/gal. 
215gaL 
00978 

Consumption of fuel- 

Cost per M G T.M .. 

Santa Fe 

81 

Cost of fuel 

$ 

$0 020/gal 
14 6 

0 292 

$0.0425/gaL 
36 gaL 
0153 


Consumption of fuel 

Cost per M.G.T.M 


Missouri Pacific.- 

283 

Cost of fuel 

$1 86/ton 
58 lb 

0 0539 

$0 0375/gaL 
103 gaL 

0 0384 


Consumption of fuel . ... 
Cost per M G T M - . 

- 


In fairness to coah and oil-fired locomotives, the appheation of Diesel- 
electncs in freight service should not be viewed from annual gross savings 
accruing from the above tabulated advantages alone. Mamtenance costs, 
fair depreciation, expected availabihty and some additional items cannot 
be ascertained from the experiences acquired so far There is no reason to 
believe that these entnes on the balance sheets should not be maintained 
in the future years. Nevertheless, in scrutinizing the proportionate savings 
derived from the complete units, arc welding must be credited with the fact 
that it was this process together with the adoption of more modem genera- 
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tion and transmission of motive power, which resulted in these successes. 
Tlie new locomotive is deddedly safer and easier to operate, is faster, does 
outperform any other steam locomotive, and is nearly 100 per cent available. 
These claims have been repeatedly substantiated by performance data in 
spite of most adverse traffic conditions. The true social advantages of 
the all welded Diesel-elecrtrics will, without doubt, inaugurate a new era 
of their truly universal acceptance when materials shall again be available 
to private enterprise after serving our country to move more troops and 
their equipment at faster and more reliable schedules and at lowest operating 
costs. 



Chapter II — Arc Welded Construction of ‘Tireless’^ Locomotive 


By Walter E. Barron, 

Foreman in Charge of V/elding, Heisler Locomotive Wor^s, Eric, Pennsylvania. 


Subject Matter: The application of arc welding to the construction 
of a ‘“fireless” locomotive, or a locomotive in which the heat is 
stored in sensible form in a relatively large body of water under 
any convenient pressure between 100 and 500 pounds per square 
inch. Since running gear can be made much lighter and cheaper 
while still securing adequate strength, the size of the storage tank 
can be increased for the same overall weight of locomotive. There 
is no part of a steam locomotive, the writer states, that cannot be 
made in this way. Detailed descriptions of the manner in which 
all welded parts replace castings and forgings follow. 

« 

Walter E, Barron 



In 1933 the Heisler Locomotive Works of Erie, Pennsylvania, started 
to design and build a complete line of fireless steam locomotives from 20 to 
100 tons, under the direction of Mr. Brian Wheeler as chief engineer. The 
writer had many years of experience with this type of locomotive with 
another company, which was considerable aid to Mr. Wheeler. 

In 1940, when I wrote for information concerning the entering of the 
James F. Lincoln Arc Welding Foundation Program, the Heisler Loco- 
motive Works was well established as builders of fireless steam loco- 
motives. 

Most of the cost data of the Heisler Works has been destroyed, therefore 
I will not be able to give as good a comparison of forgings, castings, bolting 
and riveting versus arc welding as I otherwise would. 

Many people have never seen or heard of a fireless steam locomotive. 

These engines take their source of energy from a stationary boiler and 
store the heat of the steam in the tank which is filled to 85 per cent with 
water. Any pressure from 100 pounds to 500 pounds is practical. The tank 
is insulated with lYz inches of mineral wool. 

When this engine 'was first designed the parts were either forgings, 
castings or plates riveted or bolted together. In the final design, they were 
built almost wholly by torched-out parts and arc welded together only 
where parts had to be made removable for repairs. 

The writer was in charge of the welding for the Heisler Works, Many of 
the parts shown in the accompanying drawings were made without drawings, 
the drawings being made later. 

In order to apply arc welding to its fullest extent, someone in charge 
of designing or constructing of the product has to be, what you might 
say, “welding conscious”. One of the frequent errors is that the one in 
charge doesn’t consider the fabrication of a welded structure, but tries to 
copy a casting or forging, putting Jpt jof extra weight where it is not 



Hg. 1. Storage took. 
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needed on account of flaws that enter into castings due to shrinkage, cracks 
and sand holes. 

I find many welders taking credit for the improved looks and quality of 
their product In my opinion, 75 per cent of this credit should go to the 
builders of welding machines and rods 

Welding on a fireless steam locomotive is quite a big factor as you 
can make the running gear much lighter and cheaper than by castings 
and forgings, and still maintain adequate strength allowing you to increase 
the si^c of the tank, therefore more energy stored for the same over-all 
weight of the locomotive. 



The first 42-ton fireless steam locomotive built by the Heisler Locomotive 
Works, with castings and for^gs bolted and nveted together, had a 
storage tank capaaty of 435 cubic feet; the ones built by torching and 
welding had a tank capaaty of 510 cubic feet, an increase of 75 cubic feet 
which was sujEdent extra stared energy to work about one hour longer 
I don’t believe there is one part on a steam locomotive that can’t be 
fabricated by arc welding. Several years ago t made a model of a fabricated 
cylinder, also a model of fabricated wheels. Due to the low speed and low 
pressure, it did not seem practical for our purpose as they would have cost 
more than gray iron casting, but would have been mudh stronger I be- 
lieve someone has been issued a patent for fabricated cylinders with iron 
bushings to be used on high-speed, high-pressure road engines. 

I made several sets of side and main rods which I don’t have drawings 
for. So far as I know, this was never done before. They were con- 
structed by using a high-grade steel casting for the ends, with bar steel 
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Fig. 4. Exhaust pipe. 

for the body of the rod This cut the overfall cost of these rods by about 
60 per cent as it eliminated most of the machining cost All they needed 
after welding was grinding and polishing with a hand rotary grinder and 
polishing machine 

The following shall be a description of the accompanying drawings 
being referred to by name and number These prints don’t show the weld' 
ing as plainly as I would like so will need some explanation 

The storage tank. Fig 1, was designed by Mr Wheeler but made by one 
of the builders of unfired pressure vessels The only openings in the vessel 
were the mlet and outlet steam passages, all the fastening of fixtures and 
mounting was done by welding pads to the shell, then tapping holes in the 
pads rather than using steam-tight studs which leave a potential leak The 
fastening at "‘A” was formerly of cast iron chipped to the radius of tank with 
a special design of steam-tight tapered bolt which always was a source of 
trouble. The savings by welding was considerable, but the elimmation of 
possible leaks was the mam object The internal steam pipe, marked was 
formerly made of a gray iron casting machined with ball jomts and studded in 
place. The savings on this job by welding was around $100, also eliminating 
any possible leaks (Note the arch in this pipe to take care of expansion.) 

The fastening, marked “C”, was made by the use oi %x 3-mch bar steel 
set on edge making a box-section on top of saddle cross brace using 
Hj^'hich machine bolts to clamp it m place, letting the weld take all the 
thrust. This can be better seen by looking at drawing, Fig. 2, marked '"A”. 

The internal chargmg pipe is pat^ted and owned by the purchaser of 
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die Heisler fireless locomotnc I am not mentioning the purchasers' name 
as I have not asked their permission. None of the other parts are patented 
so they can be published if so desired. There is no way of making com- 
parisons of cost with other methods used for injecting steam into water. 
This method is the result ot many years of experimenting with all kinds 
of fancy nosries and could only be accomplished by welding, as the vibra- 
tion set up by injecting high-pressure steam into a large body of cool water 
is tremendous This method is 100 per cent superior to any other method. 
The writer has seen 5,000 pounds of steam by weight charged into a tank 
in II minutes 

The false cylinder head covers, shown in Fig 3, were formerly made of 
cast aluminum The figures are for a locomotive about half the si2;e of the 
one shown on this drawing The cast aluminum ones for the smaller si2;e 
cost $84.34, the ones made by torching and welding cost $33 68, a base 
saving of $51,76. I don’t have any figures for the larger si 2 ;e, but the savmgs 
would be proportionately larger These savings were made on one set If 
they were made in quantity, or if the parts were prepared on modern 
machinery, the savings would be greater 

The brake niggm parts for a 4-wheel engine were formerly made by 
forging on the 4-wheeled engine, the time for forging, was 32 man hours. 
The writer torched out and welded one set of them in 8 hours, a saving 
of around 60 per cent Besides making these parts cheaper, they were much 
better as we had considerable trouble with forgmg breaking m the welds 
when they were forged 

Exhaust pipe, Fig 4, could only be made by welding and there is no 



Fig. 5. Rear bumper. 
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companson in cost This pipe has to be very accurately made This method 
was the first attempt to conceal this pipe under the false tank cover. 

The rear bumper, shown on Drawing, Fig 5, can be made of wood, 
cast steel or cast iron I will only make compansons with a wood bumper 
backed up and faced with ^'inch steel plates A wood bumper of this 
kind has to be made of a good grade of seasoned oak lumber doweled and 
bolted together. For a smaller si2;e than shown, the wood bumper cost us 
$125. The ones made by torching and welding cost us, in round figures, $65, 
not counting the parts such as push^pole pockets, marked at “’A”, and the 
steps marked at “B*"’ If these were made of a casting, the saving by welding 
would be much greater. Most every locomotive of this kind takes a special 
bumper which makes welding still more advantageous Still another reason 
for dhe welded type many times you have to add weight at front or rear 
for balance. In this case, the compartments lend themselves very well to 
adding boiler punching and concrete The strength is much greater than 
wood In case of an accident, they will bend but are not likely to break. 
As for strength, they are equal to steel or iron, much stronger than wood 
and do not rot out like wood, having to be renewed every 4 or 5 years 

The guide yoke cross brace, shown on Drawing, Fig 6, was formerly 
made of steel casting which was usually warped making it difficult to machine 
and was much heavier. Another reason for fabricating this part was de- 
livery from the foundry. My memory is that the savings were around 40 
per cent 

The axle bearing housing was not built until late 1940 This general 
style of housing was used from the first, all of one casting. From what I 
understand, it was poured standing on end, all the dirt floating to the top, 
many times costing as much to chip it out and weld as the original casting 
The plates were 1045 matenal, heat treated, and gave us considerable 
trouble in welding at first due to the weld cracking That was overcome 
by preheating before welding. The saving on this job was considerable 

The cab was formerly made by bolting and riveting Heisler company 
made the first welded cab in 1936 for the Ford Motor Company. We got 
quotations from the outside for one similar. The cheapest pnce we got 
was $1,200, so Mr, Wheeler and I decided to give it a try. Matenal and 
labor, with overhead, cost us around $400, not counting the grief we had. 
There is not much chffierence in the cost between welding and riveting 
where every cab is different, the big advantage is when you go to paint 
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and finish, it. It is also a much more ngid job In a shop having modem 
machinery and making several at a tune, where templets and jigs could 
be used, the saving would be considerable over riveting and bolting 

The spring saddle was formerly made either by forging or casting, the 
forged ones costing considerable more than castings The cast ones cost 
us $7.80 apiece, then had to be machined The ones fabricated by electric 
welding cost $3 80 ready for use, a saving of $4, plus the cost of machining 
The steam elbow was formerly made of a gray iron casting and was 
subject to leaks from sand holes. It was a difficult piece to machine and 
prepare for the ball joint connection. The flanges on the fabricated ones 
were machined before welding. I don’t have the cost on this part, but it 
cost less and was very much fetter on account of its flexibility 

The spring hanger. Fig 7, was formerly made either by forging or 
casting, the forged ones being more expensive The cast one cost $7 50 
in the rough and had to be machined, the welded one cost $3 80 finished, 
a saving on each piece of $3.70 If they could have been made in quantity 
the saving would have been more. 

The cab support brace. Drawing, Fig. 8, was formerly made of a casting 
weighing 450 pounds each, whereas the fabncated one weighed less than 
100 pounds and could be welded in place, while the cast one had to be 
machined and bolted. I don’t have the difference in cost but it was con- 
siderable. Also, if there had not been any cost saving, the difference m the 
weight would have warranted the fabricated one 

Brake hanger bracket, Drawing, Fig. 9, was formerly made by dnlling 
a lYz'mch tapered hole in the frame, using a turned pivot, forging or castmg 
bolted to the frame Where the pivot fitted in the frame there was a 
tendency to weaken the frame, sometimes breaking through the hole The 
same condition existed where bolts were used for this purpose The rough 
castmg cost us $7 80 then it had to be machmed. The welded one cost 
us $3.50, making a saving of $4.30 This bracket also served to tie the 
upper and lower rails of the frame together, eliminating a very bad con- 
dition of chattenng of the brake nggmg when the brakes were applied 
The bumper knee, Drawing, Fig. 10, replaces a cast steel knee which 
had to be machined I don’t have any figures as to the saving but they 
were considerable, at least 50 per cent 

The saddle cross brace has several functions In order for it to answer 
all Its functions, it can only be a welded structure 

First, It acts as a spacer between the frame; 

Second, it is the mam support which keeps the frames in tram, 

Third, the rear compartment is used to blow the excess water out of the 
tank that accumulates from condensation, guarding against scalding anyone 
who may accidentally be around. Before this safety measure was provided, 
several people were scalded; 

Fourth, the front compartment acts as an exhaust box and separator 
as the exhaust steam from a fireless steam locomotive is very highly saturated 
The baffle which directs the steam to the bottom of the box gives it a reverse 
motion which throws off part of the water letting it run forward on the 
tapered bottom to two small holes where it drains to the track. 

Prior to the welded structure a steel casting was used ®which only 
partially answered these purposes. Every design takes a different cross brace 
and most every engme of the same design takes a different one, as most 
every engine took a different tank si5;e and pressure which either required 
a new pattern or a change of pattern, this costing considerable money 
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The rough casting cost us $147 and usually was warped on the finishing 
sides making it hard to set up and machine The first welded one cost 
$96 ready for machining and was very much easier to machme on account 
of good clean metal Still another advantage of the welded structure when 
It IS finished and in place, is that it has to be wielded all around where it 
fits to the frame so as to be steam tight When the casting was used, 
considerable difficulty was encountered on account of porous places and 
sand 

Drawmg, Fig 11, shows the above descnbed parts assembled in place 
by welding and many more that w'ere not described The whole locomotive 
IS welded together So far as I know, this is the most completely welded 
locomotive ever bmlt, — note the “V” shapes cut out of one side of angles 
marked “A” to provide more welding These are usually bolted on witffi 5 
tapered reamed bolts 

A steam pipe casing was formerly an alummum casting in 4 pieces 
This casting was replaced with rolled sheets and clips welded together 
making a considerable reduction in cost All pipe clamps and braces which 
are not shown are welded on They were formerly bolted or studded weld' 
ing a worthwhile saving besides giving a better job 

Drawmg, Fig 12, is a special design for one of the steel companies. 
This IS for a 36'inch gauge track Where this locomotive works the clear' 
ances are very close The largest conventional locomotive this company 
could get mto the charging side of their open hearth was a 30'ton Their 
furnaces were being enlarged from time to time but no more room could 
be provided for the locomotives that served them until this engme was 
designed. This engine weighs 42 tons with a gear ratio of 3 ?7 to one 
giving It a tractive effort of at least that of a yO'ton engine This engme 
could only have been built by welding. Every part of the mam frame 
and tank were torched and electnc welded. The bumpers are made as part 
of the mam frame which is unusual as they are usually made removable. 
Another imusual thing about this locomotive is that the engine unit is 
suspended between the two four'wheeled trucks and can easily be removed 
for repairs The exhaust pipe goes up through the center of pressure tank. 
Conventional locomotives are always anchored at the front, all expansion 
bemg toward the rear In this case, the tank is anchored m the center and 
expands both ways This locomotive was designed by Mr. Brian Wheeler, 
chief engmeer and manager of the Heisler Locomotive Works It is a 
combination of a Heisler geared locomotive and the fireless prmciple. 

It would be impossible to make any cost comparison as there has never 
been anything similar built but it does help to show what can be done m 
the line of torching and electnc weldmg. 

If this paper and drawmgs encourage someone to try some new product 
by torching and weldmg, I will consider my time m preparmg it well spent. 

There have been some marvelous things accomplished by torchmg and 
welding but we have only scratched the surface as to what can and will 
be done in the future 

All savings given are with labor, material and overhead figured in. 



Ciiapter III — Weldmg a Locomotive Boiler 
By John P. Roger, 

Plant Engineer, The Babcock and Wilcox Co., Barberton, Ohio. 


Subject Matter: A number of welding applications to parts of a 
locomotive boiler, intended to constitute the steam generating unit 
in a complete, mobile power plant including condenser, steam 
turbine, generator, etc. For example, it is proposed to roll a special 
form of steel channel, press to rectangular shape and weld, in 
order to make the tube headers. Other items, similarly analyzed, 
include the main steam outlet connection to the steam drum, with 
wall element, superheater assembly, condensing water storage, etc. 


John P; Roger 



The welding developments herewith described and illustrated had their 
origin in a previous study and design which I had developed for a locO'- 
motive, the main features of which were that it would be a complete steam 
electric motive power unit, in that it was selTcontained; the principal com" 
ponents of which would be a boiler of the water tube type; the steam gen" 
erated therein would have a pressure somewhere between 500 pounds and 
1000 pounds, and contain a steam superheater which would elevate the 
temperature some 200 to 250°F. above that of the saturated steam. This 
steam would be conveyed to a steam turbine of the compound type, directly 
connected to an electric generator, and exhausting its steam into a condenser 
of the evaporative type. The electric power would then be conveyed to 
motors mounted on the locomotive trucks and in this manner develop the 
propulsive power for the unit. 

I have prepared sketches illustrating my primary idea of such an 
assembly, which will be known as Figs. 1 and 2. 

When I received the prospectus of this competition regarding welding 
developments, I selected the above"described locomotive as the basis of my 
efforts along this line, and the following descriptions and illustrations will 
show my progression up to now, in developing welded constructions to 
replace the present method of fabricating these same structures. My idea 
now is, to produce a locomotive design of completely welded construction, 
fully streamlined, and selTcontained, the power generating unit of which 
would compare in operating cost and efficiency with the most modem fixed 
units generating this type of power. My efforts in these welding develop" 
ments, while expended primarily in connection with this locomotive design, 
will apply to many different units outside the locomotive field, and as water 
tube boilers are my everyday job, I have selected most of the developments 
from this field. There are many types of water tube boilers, but the ones I 
have selected for this competition are two which I find best adaptable for 
this description, and are composed of drums, headers, and all of their connect" 
ing tubes and fittings. The only material difference in them is the method of 
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Primary general arrangement of steam electric locomotive power unit Sectional view (top), top plate (center), side elevation (bottom). 
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arrangement of these different components to do the job that they were 
designed for. 

Under the present fabricating setup of these components, the drums 
are mostly of welded construction. Both the longitudinal and girth seams 
are welded as are also the opening fittings that form part of the completed 
unit. 

The headers, under present'day methods of fabrication, are made mostly 
from hot-rolled seamless tubes and then by a senes of forging and machine 
ing operations are transformed mto rectangular boxes with openings on one 
side to receive the tubes, and on the opposite side a handhole cover plate, 
together with an arch bar and stud to make a steam-tight joint between the 
header and the plate with the use of a gasket between the faces of the 
headers and the cover plates. 

The tubes are the next essential unit, and they are fastmed into the 
headers by means of a roller expander with a tapered pin which rolls the 
tubes out against the hole m the header and by this means makes a steam- 
tight joint when the pressure is developed in the boiler This, in die main, 









SECTION 1U--RA1LR0AD 


219 




nstitutes the present setup of the boiler unit, and to make more clear 
e welding developments, I have in mind to replace the setup described 
ove, I have prepared Figs 2 and 3, which illustrate with cross-sectional 
ivations the points where J propose to substitute arc welding for the present 
ithods of making these steam-tight joints 
Fig 2 illustrates the type I have selected for the steam electnc locomotive 
rvice, and Fig. 3 illustrates a type mostly used for land and marine service 
The components of the two different types are similar, the difference 
ing in their arrangement in the final assembly. 

Fig. 4 illustrates an enlarged section of the steam drums and shows 
Dre clearly in detail how I propose to connect the different components to 
Illustrated on this sketch are seven welded joints: 1 and 2 are the 
igitudmal welded seams which are arc welded by the standard method for 
is class of work 

On Fig. 5, I show an enlarged view of the joints marked Nos. 1 and 2, 
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which. I have developed to replace the abovc'descnbed standard method, 
which has, as its main object, an increase in the efficiency of production 
of this type of component Welded jomts Nos. 3, 4, 5, 6 and 7 arc obtained 
by flanging the drum plate at these points, following the formmg of the 
flat plate into its final circular form, the openings being sized to correspond 
with the attachmg connections. 

Fig. 5 also illustrates an alternative method of making the main steam 
outlet connection No 5' to the steam drum, though it will involve a Uttlc 
more expensive outlet fittmg. 

Fig. 6 illustrates a manhole opening cover plate assembly for the steam 
drum which I believe is much simpler than the type m general use for this 
service and is fabncated by flanging the drum head out at this point, and 
by welding on the outer face of this flanged portion a keeper ring which 
is slatted at four points, so that the arch bar can be inserted and removed 
when opening and closing the cover The cover plate, itself, is held in place 
by five adjusting screws, mounted in the arch bar, and the joint between 
the drum head and cover being of the tapered metal'to^metal type and free 
of gaskets, is capable of adjustment at all times by the afore^mentioned 
screws. The mamtenanCe factor of such a joint is very low and the safety 
factor high. The fabneation cost of this type of manhole cover with the 
preset type would be somewhat less and the maintenance cost would be 
considerably less. 
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Fig. 11, Cross section of water wall element Fig. 12, (right). Enlarged section of 

woter wall element showing welded end connections. 


Figs. 7, 8 and 9 illustrate the steam generating tube headers or collectors, 
and show the welding developments that I propose to substitute for the 
present fabncating methods, as described m a previous paragraph. Fig 7 
shows, in the upper view, a rolled steel channel which it will be noted has 
two difFerent thicknesses of the web, so that when formed into a rectangular 
box, as shown at the bottom of the sketch, will have two opposite sides 
thick, and the other two thm. The weld hne of the box will then come at 
point 10, and from an economical standpoint, it might be advisable to have 
these channels rolled in lengths which are multiples of the required header 
lengths, and following the forming and weldmg operations they can be cut 
into the desired lengdis for staggered headers. 

Fig. 8 illustrates a vertical section and side elevation of the completely 
fabricated header. It shows, in the sectional view, how the rectangular 
box, described above, is further operated upon to give the results shown in 
this view. The rear or tube side of the header is flanged out to provide a 
proper welding face, as shown at point 11, for connecting the end of the 
generating tubes of the boiler to it The front face of the header is 
arranged to contain a handhole cover plate opposite its aligned tube and 
IS held in place by the stud bolt threaded through the arch bar, which, m 
turn, takes this thrust in grooves provided on this face of the header for this 
purpose. 

Fig. 9 is a vertical section of the header, together with the connecting 
tubes. It also illustrates how the top and bottom ends of the header are 
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Fig. 14. Cross section of water wall element adapted to superheater header construction. 






224 


STUDIES IN ARC WELDING 



processed to give on the top end a connection to the steam drum, and on 
the bottom end either an opening similar to* the top, or a blank end, which- 
ever is desired. The method of making these and all the other welded con- 
nections in these headers at 8, 9, 11 and 13, are for clearer visuali2;ation 
illustrated in Fig. 3. The connection of the tube collector element to the 
headers is clearly shown at weldmg pomt 11, and the welding of the steam 
generating tubes at welding point 12. 

Fig, 10 shows an enlarged view of the collector element for the steam- 
generating tubes, with the arrangement of the generatmg tubes within the 
element, and the welding points eleven and twelve to the header and tube 
respectively. 

Figs. 11 and 12 illustrate a component that most large steam-generating 
umts of today are equipped with They are termed water walls, and take 
many different forms by different vendors, the most common being a plain 
tube with various heat-absorbing mountings to take the place of the jSre 
brick walls, of which the furnace chamber is built 

Fig. 11 illustrates an element for this type of service, which I have 
developed for this service, and which has as its basic form a rolled structural 



SECTION llI—EAimOAD 


225 



Fig. 16# (leit). Enlarged view ol condenser tube unit. Fig. VI, (dght). Assembly of 

economizer unit 


channel, which by a series of fabricating operations is changed to the form 
shown on this sketch, with the two adjacent ends of the formed box welded 
at the point shown, making an ideal element for this type of service, and 
presents to the furnace side a solid water-cooled straight face. The fabrica- 
tion cost of this unit, in companson with others on the market, is very much 
m its favor, and the method of connecting these units to the mam header 
or collector is simplified by closmg the ends down to the form shown on 
Fig, 12, and then welding them to the flanged openings in the main header. 

Figs 13 and 14 illustrate appheations of the element shown on Fig. 11 to 
the service of steam super-heaters, either with double- or triple-flanged 
welding ends for connectmg to the main generating tubes of these units. 
This, m turn, makes a very simple and compact unit for this service, the 
size being limited only by the lengths possible to be obtained from the rolling 
mills of the main unit. The fabricating cost of this setup, in comparison 
with other types for this class of service, is in favor of this type of con- 
struction. 

Figs. 15 and 16 illustrate a sectional elevation of the all welded condenser 
I have developed for this locomotive, the main headers of which are made 
up from the same section shown on Fig. 11, which adapts itself very nicely 
to this class of service. 

Fig. 16 illustrates an enlarged view of the main condenser units, showing 
die headers and the inner and outer tubes assembled in place. The main 
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idea in tHs setup is to break up the film of cooling water into the thinnest 
possible, thereby increasing its efficiency for condensing purposes. The 
fabricating cost of this setup, in comparison with other types, should be 
very much in its favor. 

Figs. 17, 18 and 19 illustrate an arrangement of an all welded economiter 
section which is used in a steam-generating plant to raise the temperature 
of the feed water by using the waste or stack gases for this purpose. 

Fig. 17 illustrates a two-header arrangement, complete with tubes, hand- 
hole covers, and arch bars. The basic form of the main header is a rolled 
channel structure illustrated on Fig. 18 and following the first refabricating 
operation will appear as shown by the dotted lines on this sketch, with the 
weld line coming as shown at the top of the rectangular box. Fig. 19 
illustrates an enlarged sectional elevation through the header and its fittings, 
showing the bottom face flanged to form the tube welding connections, the 
upper face being machine-bored to take a tapered handhole cover plate, 
which is held in place by a stud threaded through the arch bar, which takes 
this thrust from under cut grooves in the top side of the header. This makes 
a simple, economical and efficient setup for this type of unit, and mainte- 
nance costs will be very low. 

I might say in closing this paper that the boiler here described for 
locomotive service for this type of an installation would also adapt itself 
for replacement service on present-day locomotives and thereby increase 
their efficiency, and decrease their operation cost, and the field, for this 
class of business, would be very large. Time will not permit me to illustrate 
the many possibilities I have in mind for the other components in this 
locomotive design, so this must be left to some future effort 



Chapter IV — Welded Design of 250-Ton Flat Car 


By H. Malcolm Priest, 

EngiTt««T, U. S. Steel Corf.. Subsidiaries. Pittsburgh, Pennsylvania. 



Subiect Matter: Problems of riveting a 250'ton flat car appe^ed 
Sfi^ountable. The only other alternative to a Wded 
body •was a steel casting involving the cost 

the use of an expensive pattern. Since no precedent_ existed for 
constmetion of a car of this capacity. 
were made. They are presented in considerable detail and indude 
both stress and deflection investigations. Problems of shop faW 
^rion are tosed in the Kght of the necessity, for g^ar^g 
against distortion and impossibility of stress ® 

swucture. In the cost summary, a saying, of 2 cents per pound or 
about 14 per cent in favor of •welding is indicated. 


H. Malcolm Priest 


An xmusual structure presents 

unusual problems, as well as with unusual opportunities. The 250 ton hat ^ 
to be diribed in this paper was unique in size md waght also m the 
fact that the main body of the car was completely welded. A belief that a 
concise account of the design of this welded structure 
the preparation and to the economy of time in the 

or rdated designs in the future has prompted the selection of this particular 

tremendous demands for steel brought about by the created an 
urgent need for a car that could transport ingot molds weighing 250 tons and 
^er heavy products. Time was the vital ^d compelling factor m the Pto^P* 
construction of such a car, in the face of wHch it was necessary to arable 
material, as far as possible, and to maintain a simphaty, even at the sacrifice 

of some additional weight. . j u • 

No precedents existed for a car of so great a capacity and trie basic 

specifications were simple and brief. They were as follows: 

1. Loading platform to be 18 feet long and 9 feet 8 in^es wide. 

2 Height of platform (when loaded) to be 2 feet 6 inches aW top of rail, 

3 Load to be 500,000 pounds distributed uniformly over the platform. 

4 ' Car to meet all interchange regulations of the Assodatipn of Amencar 

Railroads. i *l* 

Having been designed in accordance with the last item, the car can be shippec 
over any railroad, provided that railroad meets the A.A.R. clearance diagran 

and its bridges have the necessary strength. r i. • 

Two feasible methods of construction presented themselves-^ther tabn 
cated rolled steel or of unit cast steel. It was reaped that welding of rolkc 
steel offered a simple and ready means of producing a unit struc^re. On tb 
other hand, cast steel construction, while offering a ready means for construct 
ing the curved sections of the platform^ beams, involved, among other larg 
scale operations, the making of an expensive pattern and the probable lengthen 
ing of the time to completion of the car. Welded fabrication was chosen fo 
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Its potential advantages which subsequent design studies resolved to a senes 
of relatively simple and economical construction procedures, thereby justify^ 
ing the choice between the two methods 

The total rail load of the car was estimated to be somewhat in excess of 
800,000 pounds, a weight which necessitated the use of twelve axles with 
7dnchx H-mch journals, each axle having a rated capacity of 70,000 pounds 
The general arrangement of the car, as finally developed from the basic 
specifications, is shown in Fig. 1. The main body is of the depressed center 
type and is supported at each end on a car structure mounted on two six-wheel 
trucks Welding was used throughout the mam body and to some extent 



Fig. 1. General onangement. 


in the end supporting structures The final design was not achieved without 
a very considerable amount of prehminary calculations to establish dimensions 
and weights. In presenting the design computations for the mam body of the 
car,^ only those will be used that refer to the finished structure. 

Fig. 2 shows the cross-section at the center of the car, from which it will 
be seen that the mam body was made up of seven longitudmal beams placed 
side by side and welded together at their top and bottom flanges. The AAR. 
Unrestricted Clearance Diagram was of controlling importance because all 
of the car structure had to come within the limits of the diagram. It was a 
fortunate circumstance that the final selection of beams gave the specified 
width without any trimming of the top flanges. Owing to the inward taper 
of the lower portion of the diagram it was necessary, however, to cut off the 
bottom flanges of the outside beams — ^the effect of which will be discussed 
under the topic of design. 

The dimensions of the beam sections are given in Fig. 3. It was evident 
that there was no practical way to bend beams of such si2;e and length into 
the curved shape of the mam car body. Moreover, there were distinct advan^ 
tages in dividing each longitudinal beam mto five parts — ^the straight plat^ 
form section, the two curved transition sections and the two straight end sec-' 
dons — ^then weldmg all five sections mto a smgle beam For the curved por- 
tions it was deaded to build up the sections from plates as shown in the 
lower left-hand sketch of Fig. 3. One incidental gain from this subdivision of 
the beams mto five sections Was the possibility of using hghter beams for 
the end portions to effect some considerable weight saving. 
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With this general arrangement decided upon, the design calculations were 
carried out. These calculations will be concisely set forth in the immediately 
following portions of this paper and then followed by a descnption of the 
welding operations. 

Before the final design could proceed it was necessary to settle upon the 
working unit stresses for the steel. Preliminary calculations had shown that 
it was impossible to pack sufficient beams withm the limits of the clearance 
diagram when a working stress of 16,000 pounds per square inch was used. 
This clearly called for use of a higher working stress and the use of a 
high^tensile steel. Another compelling reason for the use of a high^tensile 
steel was that of keeping the weight of the completed car within the capacity 
of the twelve axles. 

In such heavy rolled sections it is impossible, without mcreasing the amount 
of carbon and other alloying elements, to secure the same strength properties 
that are normally obtained in material of lighter and more usual thickiesses. 
Since these beams were to be spliced and joined together by welding it was 
decided to limit the carbon to 0 20 maximum and accept a lower yield point. 
Ordinarily, the selected analysis of nickel^copper structural steel would *give 
a yield point of 50,000 poimds per square inch but in these thick beam sections, 
the mills would not guarantee a minimum of more than 40,000 pounds per 
square inch. The actual values of the yield point of the material, as rolled, 
ran between 42,000 and 44,000 pounds per square inch. 

For the combination of dead and live loads it was decided to use a factor 
of safety of 1.875 and when the end buffing load was added to the combination 
of dead and Kve loads, the factor of 1.75 was deemed adequate. On the basis 
of the guaranteed minimum yield point of 40,000 poimds per square inch 
the umt working stresses were as follows; 


Loading 


Unit Stress 


Dead + live 

40000 

21330 say 21500 

p.s.i. 

1.87J 

Dead + live + Buffing 

40000 

22860 say 23000 

p.si. 

•1.75 


SECTION III— RAILROAD 


231 


Tlie loading diagrams for the mam car body are shown m Fig 4 . The 
upper sketch outlines the structure and gives the prmcipal span dimensions. 
The splices were located at pomts A and B The dead load figures are based 
upon the estimated weight of the final design and the live load is in accord with 
the third item of the basic specifications The buffing load is the standard 
AAR requirement ot 2^1^0,000 pounds, which was assumed to act at the 
undeiside of the end beams where the center plate applies the load to the 
mam car body. 

The first step in the design was to select the sizes of the beams at the center 
of the car where the maximum stresses occur and the calculations required 
for that determination will illustrate the procedure 


Moments at Center of Car 


Dead Load M = (71385 X 27 75) — (19640 X 22 44) — (30680 X 12.56) 
— (21065 X 4 0) = 1,070,600 ft.dbs. 

Live Load M = 250,000 (27 75 — 4 50) 5,812,500 ft == lbs. 

Buflfing M = 250,060 X 3 67 = 916,700 ft dbs. 

Car Body Per Beam (7 beams) 

Dead + Live M = 6,883,100 ft dbs. 983,300 ft 4bs. 

Dead + Live + Buffing M =7,799,800 ’’ ’’ 1,114,260 " ’’ 


Complete moment diagrams are given in Fig 5 and convey a good idea of 
the manner m which these moments vary. 

As a preliminary size, a calculation can be made of the required section 
modulus for one beam, on the assumption that each beam carnes 1/7 of the 
total load, which is an equal distribution of the load among the beams. 

Tx j . T jc 983,300 X 12 

Dead + Live Required S = 2IT0Q 548.8 

Dead + Live + Buffing Required S = 589.8 

22,670 

The greater section modulus, 589.8, requires a 14CB370 for which 
S = 608.1 The unit stress of 22,670 may need a word of explanation The 
end compression of 250,000 pounds, or 35,710 pounds per beam, produces a 
35 710 

stress of — r;—— == 330 pounds per square inch in a 14CB370 beam and this 

lUo./o 

was substracted from the allowable working unit stress of 23,000 pounds per 
square inch, in order to get the net stress that remained for the bending. 

The assumption was made that the load was distributed equally among 
the beams and this is the ideal distribution. This assumption will hold only 
if certain conditions are fulfilled. It is evident that crosswise of the car the 
platform will remain level under the load and also because the beams are 
joined together by welding. In other words, the deflection of all seven beams 
will be the same. It can readily shown that for equal deflection, Ae total 
load will be divided among the beams in proportion to their moments of 
mertia. This has a direct bearing upon what has to be done when we remove 
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Fig. 3, deft). Beam sections. Hg. 4, (right). Loading diagrams. 


the bottom flanges on the outside beams to keep with the clearance diagram. 

The final section of the outside beams was determined only after a number 
of trial sections were mvestigated and probably, if more time had been available, 
a slightly closer balance of top and bottom flange stresses might have been 
achieved, although the result was considered satisfactory. It will be noted 
that a 14CB426 beam was utili 2 ;ed with a reinforcing bar added on the inside 
bottom flange to balance the flange material that had to be removed The 
section and its properties are shown in the upper left-hand sketch of Fig. 3. 
The moment of inertia of 5626 4 is in reasonably close agreement with that 
of 5454.2 for the five interior 14CB370 beams, hence with equal deflections, 
all seven beams will carry practically equal portions of the load. Since the 
beams are of nearly equal depth, the stresses should be in the same order of 
magnitude. 

A check of the final stresses m the outside and interior beams yields the 
following results. 

Interior Beams (14CB370) Top Flange Bottom Flange 

Bending Dead + ^ 983,300 X 13 =Z1 i9^4QQ + 19,400 

Live Loads S ** 608 1 

Bending Bxjffing 2,580 + 2,580 


P 35 710 

Direct Buffing X" 108 " 78 


Total Stress 


= — 22,310 p SI. +21,650 p.si. 
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These stresses axe within the working unit stresses selected for the design. 

The mill test of the material m these beams gave a yield point of 43,740 
pounds per square inch for which a calculation of the actual factors of safety 
may be of interest. 


For Dead and Live Loads 


F.S.=^==2.25 


For Dead, Live and Buffing Loads F.S. = 


19400 

43740 

22310 


196 


Outside Beams (14CB426) 


Bendmg 

Dead + 

M 

983,300 X 12 

_ Top Flange 

Bottom Flange 

Live Loads 

S 

~ S 

—17,800 

+21,390 

Bendmg 

Buffing 

M 

130,960 X 12 


+ 2,850 

S 

S 

/U 

Direct 

Buffing 

P 

35,710 

— 'll A 

'll A 

A 

115 17 

— — o lU 





Total Stress 

— 20,480 p s i 

+23,930 p s i 


The stresses for dead and live loads are well within the working stresses and 
only m the case of the bottom flange, when the buffing stresses are added, is the 
combined stress higher. The mill test material in the 14CB 426 beams gave a 
yield pomt of 42,140 pounds per square mch which leads to the following 
factors of safety: 


I 


For Dead and Live Loads 

F.S. 

42140 

21390 

= 197 

For Dead, Live and Buffing Loads 

FS 

42140 

23930 

= 176 


The stress of 23,910 pounds per square inch might have been reduced by 
the addition of an extra reinforcing bar for the short distance at the center 
where the stress exceeded 23,000 pounds per square inch, but smce the actual 
yield point provided a factor of safety of 1.76 it was considered unnecessary 
to do this. Then too, the end deflection of the bolsters tends to relieve a small 
amount of the stress in the outside beams. 

Smce the sections of the beams at the center are maintained outward to 
the splices, the next cross-section of the car that should be exammed is that 
just outside of the splices at Pomts B. It is evident, from a companson of the 
sections that the curved section (D = 18 inches, to match the depth of a 
14CB370 beam) is more than equivalent to a 14CB370 beam. Hence the 
interior beams will be adequate at the cross-section under discussion. The 
lower end of the curved section of the outside beams was made 18% mches to 
match the 14CB426 beams. No reinforcing plate was provided and some 
question might arise as to the stresses in the outside beams m the region of the 
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Hg, 5, Moment diagrams. Fig. 6, (rigiit). Curred section of inside beams. 


splices since the bottom flange had to be trimmed to keep the structure withm 
the dear diagram. The calculations wiU not be given but the stresses are tabu^ 
lated below: 


Bending Dead and Live Loads 
Bending Buffing 
Direct Buffing Load 


Top Flange 

—15,670 

— 2,430 

— 340 

— 18,440 p.s i. 


Bottom Flange 

+21,040 
+ 3,260 
— 340 

+23,960 p s 1 . 


The mill test of the 3 'inch plates in the flanges showed a yield point of 
50,330 pounds per square inch which gives an actual factor of safety 


50330 

23960 


2.10 


Fig. 6 shows the dimensions and construction of the curved section of the 
inside beams, and the outside beams were practically the same except for the 
depth at the splice B. The stresses around the curved portion with the inner 
radius of 1 1J4 'inches had to be investigated. The calculations were made in 
accordance with the prinaples of analysis for Curved Bars as discussed in 
'"Strength of Materials Part II Second Edition 1941"’ by S Timoshenko 
They are somewhat involved but lead to the followmg results for the inside 
beams: — 


Top Flange Bottom Flange 


—18,990 +12,890 

— .3,040 + 2,060 

_ 300 — 300 


Bending Dead and Live Loads 
Bending Buffing Load 
Direct Buffing Load 


—22,330 p.s.i. 


+ 14,650 p.s.i 




SECTION in— RAILROAD 


235 


Had the stresses been calculated on the basis of the section being in a 
straight portion of the beam the results would have been thus 


Bending Dead and Live Loads 
Bending Buffing Load 
Direct Buffing Load 


Top Flange 


Bottom Flange 


—14,970 +14,970 

— 2,400 + 2,400 

— 300 — 300 


—17,670 p.s.i. + 17,070 p.si. 

This indicates that the effect of the curvature was to increase the stress 
about 27 per cent in the flange on the inside radius of 1 1]/^ inches 

In the case of the outside beams, the partial removal of the bottom flange 
benefits the stress in the top flange because it has the effect of moving the center 
of gravity of the section nearer the top. The total stress in the top flange is 
— 13,740 pounds per square inch and m the bottom flange +11,990 pounds 
per square inch Obviously, some reduction of weight might have been made 
here, but, for purposes of uniformity, the matenal was maintained the same 
as for the interior beams. 
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The horizontal and portions of the car body were investigated at the sphce 
at Point A, where the moments are as tabulated below: 


Dead Load 
Live Load 

Total 

Buffing Load 
Total 

Required Section Modulus 
Dead and Live Loads 


Car Body 
654,130 ft.=lbs. 
2,656,250 

3,310,380 

—171,880 

3,138,500 


Per Beam 
93,450 ft.=lbs 
379,460 

472,910 

—24,550 

448,360 


_ 472,910x12 _ 
21,500 


Dead, Live and Buffing Loads S = ^22 250 ~ 
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Fig. 9. Live Icxid deflection. 


The greater section modulus of 263 9 calls for a 14CB167 with S = 267.3. 

The beams in the car, as actually constructed, were 14CB264 which were 
much heavier than were needed in the final design This resulted from an 
earlier arrangement employing only six beams with the splice point A nearer 
the center of the car. The heavier si2;e was inadvertently earned over to the 
final design and before the change could be incorporated, it was too late to do 
so without considerable delay. The decision was made to let the design go in the 
heavier siz^e, since, quite obviously, the strength of the structure was not 
impaired. Again, this emphasi2:es the urgent need of speed in the delivery of the 
car. 

The bolster construction is shown in Fig. 7. A double-beam bolster was 
used m order to provide a more uniform support for the 24-inch center plate 
than would have been the case with only one web over the center. For ease 
of fitting the seven longitudinal beams mto the bolster and to keep a uniform 
depth of structure at this point, the same section of 14CB264 was used. This 
also permitted the rolling of the longitudinal and bolster beams from the same 
ingot, as there was not nearly enough weight in the bolster beams alone to 
utilize an entire ingot, as would have been necessary had they been rolled to 
a lighter section. Of course it was possible to build up the bolsters in the 
same manner as was done for the curved sections and thus to design a section 
to meet the requirements with a minimum of weight, but this was ruled out 
m this case, because of the extra preparation and weldmg necessary to 
achieve the equivalent of a beam section that could be rolled in one piece 
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To complete the design of the car body, the calculafaons will be given for 
the bolster as it might have been constructed. Following out the same prcx 
cedure and reasonmg as m the previous paragraph, the two bolster beam 
might have been 14CB167 to match the longitudinal beams that were actually 
reqmred, as it will be seen presently that they would have possessed ample 
strength 

From an inspection of Fig. 7 it wdl be noted that the outside longitu^^ 
beam is connected to both of the bolster beams while the intenor longitudinal 
bpams connect only to the bolster beam nearer the center of the car. Tto 
brings about an mdetenmnate distnbution between the bolstCT beams of the 
reaction of the outside beam unless some assumption is made. The assumption 
was made that the deflections of the two bolster beams were the saine at &e 
hne of the outside beam. The calculations on this basis are developed m F^. 
8. Each half of the bolster may be treated as a cantilever beam and the 
formulae for end deflection of a cantilever beam are given in Fig. 8A. 

From the loading diagrams of Fig. 4 the end reactions are readily computed 
with these results — 

Reaction 


Dead Load 
Live Load 

Total 

The total reaction per beam equals 


71,385 

250,000 

321,385 lbs. 

— ^ = 45912 pounds which is the 


value of W m Fig. 8B Let P equal the portion of the reaction of the outside 
beam that is earned by Bolster Beam B Then W^'P is the load at the end of 
Beam A. Smee the two bolster beams were to be of the same size, their 
moments of mertia were equal. The two equations for deflections of beams A 
and B are given and by equatmg them (the deflections were assumed equal) 
the value of P becomes .16784 W. 

P = .16784 X 45912 = 7706 
W-P = 45912 — 7706 = 38206 


The maximum moment in Beam A equals 38206 x 49.6 — 1,895,020 inch' 
pounds. The moment in Beam B equals (7706x49.6) + 45912 (16.5 + 33.0) 
= 2,654,860 inch-pounds. 

It is customary practice to reduce the working stress 25 per cent when 
designing bolsters, hence the unit stress — 21,500 x .75 = 16,125, say 

16,000 pounds per square mch. Using the larger of the two moments: — 


Required 


2,654,860 

16,000 


= 165.9 


A 14CB 103 beam (S = 163 6) would be just about right as far as kn^g 
IS concerned but it has a depth of only 14.25 inches whereas the longitudinal 
beams 14CB167, that might have been used, are 15.12 inches deep. 

The maximum shear on the web of Beam B equals 7706 + 2 x 45912 = 
99530 pounds. The shearmg yield pomt of the nickel-copper structural is 
about 65 per cent of the yield pomt m tension, or, in this mstance, .65 x 42000 
= 27300 pounds per square in. Applying the factor of safety of 1.875 and 
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rcdiiong the unit stress per cent for bolsters, the working unit stress in 

shear becomes = 10900, say liOOO pounds per square inch 

1,87 5 


The required web area is "[ q q^ ^ square inches. A 14CB127 beam 

has a web area of 8 9 1 and would therefore be acceptable, with a unit sheanng 
str^ of 11170 pounds per square inch. It is seen that shear and not bending 
is the controlling factor for these particular beams 

The bolster might have been fabricated from plates to a depth of 
inches to match that of the 14CB167 longitudinal beams Such a built'-up 
having 15‘'inch x %unch flange plates and a web would have 

the following properties — 

I == 129SA S = 171.3 Web Area = 9.41 Wt. per ft. 106 pounds 
(inci welds) This section meets all the requirements for both shear and 
moment. 



As this paper presents an actual structure, it seeks to describe what was 
done and aJko to point out what might have been done. The end sections, 
outward from the splice points A, are the only portions affected to any extent. 
Summing up the previous cKscussion: — 


As Built Possible 

Longitudinal Beams 14CB264 14CB167 

Bolster Beams “ 14CB264 14CB127 or 

Built-up @ 106 pounds 

Defection — ^The deflection of the structure was of practical importance 
and the method of calculation is shown in Fig. 9. The details of the computa" 
tions will be omitted. The curved portion of an inside beam is shown and a 
table of properties at sections A to K and the distances between them as 
measured along the axis of the beam. The illustrative example is for the 
deflection at the center for a total load W, uniformly distributed over a 
length of 18 feet. 
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The prinapie for obtaining the deflection is to be found in many textbooks 
on Strength of Materials and consists first of findmg the area tinder a curve 

plotted from the values of -y- at a series of points along the span where 

M “ moment at the section from the given load 
m = moment at the section from a unit load at the point where the 
deflection is desired 

I = moment of inertia of the beam at the section 
For example, take the section at B. 

M = = 5.yWft lbs 


m = Yix 11 = 5 5 ft. lbs 

I == 4754 (See Table in Fig 9) 


Mm __ 5 5 W X 5 5 
I 4754 


0063 6306 W 


The complete diagram for one-half the total span is plotted in Fig. 9 from a 
senes of calculations at one foot intervals, for the most part, measured 
homontally. The actual distance between the sections of the curved portion 
of the beam are used as the absassae in the diagram. 

The procedure of calculating the area of the diagram will be clear and 
the result is 3 889919 W. The deflection is found from the following 
formula* — 

^ (Area of Mm Diagram) ^,1 

““ I ^ E 


For the loading of Fig. 9 

^ 3 889919 WX 2 X 144 

29000000 


.0000 3863 W 


The figure 2 in the numerator is required because the area of the diagram 
covers only Yl of the span and the 144 factor is necessary to convert the 
moments M and m to inch lbs. 


W = 500000 pounds for the entire car and for one beam it is — — == 

71430 pounds. Putting this value for W in the above formula for the live 
load deflection: — 

A 0000 3863 X V1430 = 2 76 inches 
From a similar calculation the dead load deflection was found to be 0.5 6 mch 
When the car was finally" built, it was loaded with plates to an actual 
load of 500,137 pounds at which there was a measured deflection of 2%- 
inches Comparing this deflection with the calculated value, it is seen to be 
within 4 per cent, thus affordmg an excellent check on the computations 
By reference to Fig. 1 it will be noted that when the deflection of 2%- 
inches is taken from the unloaded height of the platform, the height under 
full line load is 2 feet 6 inches-^the requirement of the basic speafications 
A 2dnch camber was put mto the car body in a manner shown m Fig 10 
This was done by dropping the outer ends of the horizontal beams, begin- 
ning at the Emits of the platform Obviously no gradual curvature could 
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be put mto the beams before assembly. It will be seen in the camber 
diagram that the actual method was in close practical agreement, however, 
witli a theoretical parabolic camber. 

One point about the deflection may be of passing interest. While the 
live load was assumed as uniformly distnbuted over the platform it would 
be impossible to get this loading with an ingot mold such as shown m Fig. 
16. The mold is so rigid that it has practically no deflection in itself and 
therefore cannot conform to the elastic deflection curve of the car body 
beams. Hence, the car body would actually deflect away from the mold, 
thus transferring the loads outward toward the ends of the platform, with a 
consequent reduction of the maximum moments and stresses. As a matter 
of fact, the mold does not have a truly flat base and in loadmg it on the car, 
oak planks are placed under each end so as to be above the local surface 
irregularities on the under surface of the mold. 

Shc^ Fabricatioii — ^The method of weldmg these five sections into one 
longitudinal beam had to be given serious thought for several reasons A 
glance at the moment diagram of Fig. 5 shows that at splice points B there 
is not a great reduction from the maximum moment at the center. The 
reduction is only 19 per cent and called for practically 100 per cent efficiency 
in the splices. Another factor was the impossibility of stress-relieving the 
complete stmeture^ — first, because of lack of facilities of sufficient si2ie and 
second for fear of distortion. Distortion from weldmg had to be guarded 
against because it was essential that each longitudmal beam have the same 
shape, in order that the platform would be smooth and level after final 
assembly. Matching of the shape of all seven beams was necessary in order 
to carry out the wddmg of the flanges. It would not have been possible to 
correct any irregularities in the welded beams to achieve this uniformity 
without great dffiScuIty. 

The weights and sizes of the parts to be handled were also a factor to 
be considered. The weights for one mtenor beam are tabulated below. — 

1— Platform Section @ 5970 == 5^970 lbs 

2 — Curved Sections @ 4360 = 8720 

2~End Sections @ 2485 = 4970 

Total Weight of One Beam = 19660 lbs. 

The length of this assembled beam was about 56 feet and with the ends 
curved upward to an offset of 4 feet 3 inches, the assembly would have 
been an awkward and heavy piece to position for arc welding on all four 
sides of the splice It would have been quite possible to design a jig m 
which the beam could have been rotated about a longitudinal axis, but smee 
only one car was to be built, the expenditure for such a jig for special 
handling was not warranted. 

An excellent solution of the problem of making these splices was offered 
by Thermit weldmg Because the weld is made m one operation, the heating 
and subsequent shrinkage are uniform across the section. The mold around 
the joint provides for slow cooling, which is practically a stress-relieving 
process, rpulting m a minimum of locked-up stresses The fact that the 
beam sections at the splices were nearly alike in all cases made it possible to 
use the same molds (with minor variations) for all 28 jomts, thereby result- 
ing in a good production job. 

No particular problem was involved in the construction of the curved 
sections. The webs were cut to shape by a gas torch, mechanically guided 
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Fig. 11/ (left). Jig and assembly for welding. Fig. 12, (tight). Welded joint after removal 

of mold. 


from a track template. The edges were then beveled as indicated in the 
detail of the joint in Fig. 6, The 3 -inch top and bottom flange plates were 
heated and bent to shape in small dies on a gag press and checked against 
a template. The straight portions at the ends were necessary in order to 
avoid the difficulty of starting a bend at an edge. One other very practical 
consideration from the standpoint of design in connection with the straight 
end portions was the resulting location of the splices outside the region of 
increased stresses due to the curvative of the beam. 

The web and flanges were assembled in a simple jig and welded together 
in eight alternate passes on each side of the web. Three-'quarter inch fillets 
were then built up on top of these welds in six passes on each side. Since 
the welding was carried out in a cold shop during January 1941, the steel 
was kept warm with gas flames. 

Fig. 11 shows the jig and arrangement for assembling and thermit 
welding the longitudinal beams. An I'beam was used as a temporary base 
to which were tack welded short lengths of small beams to support the plat^ 
form portion of the car body beam and the lower ends of the curved sections. 
The straight end portions of the curved sections were convenient for placing 
a horizontal support under them. The higher portions were supported on 
posts cut from scrap beams to which angles were welded to form a bearing 
under the longitudinal beam. The jig was simplicity itself. The camber was 
put into the complete beam assembly by lowering the outer ends of the 
upper horizontal portions 2 inches below the level at the line of the platform. 
This simple means avoided any clamping or jacking operations. 

The picture shows one of the interior beams of the main car body. Each 
of the five parts was assembled in its proper place and the molds were placed 
around the four splice joints. This operation required a day’s time. On 
the second day, the joints were preheated, two at a time, and then poured. 
In the meantime, another beam was assembled on a second jig and the 
fabrication alternated from one jig to the other. Under ordinary circum^ 
stances, it would not have been necessary to build a second jig but it saved 
a week’s time at only the small cost of the extra jig. 

Fig. 12 shows two of the joints after removal of the molds. Subsequently, 
the reinforcing was chipped and ground along the edges of the flanges and 
smoothed over the remaining feortions of the ioint. It is interesting to note 
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that the overall movement of the beams, after the four splices hid been 
poured and cooled, was negligible This assured the matching of the seven 
beams when assembled side by side m the car body and obviated any need 
for adjustment. 

Pnor to the assembly of the car body, intermediate plate stiffeners at 
3^0'^ ctrs in the platform portion only were wielded to the web between 
the flanges on both sides of thice mtenor beams These stiffeners projected 
beyond the flanges of the beams to which they were welded so as to act as 
stiffeners between the flanges of the adjacent beams Because of the boxed" 
m condition it was impossible to weld the stiffeners to the adjacent beams 
The intended function of these stiffeners was to brace the top flanges against 
local bending from the load applied directly to them. 

The next step in the fabrication was the assembling and welding together 
of the seven beams comprising the mam car body The ends of the beams 
are framed into the double"beam bolsters as shown m Fig 7 When finally 
fabneated, the top and bottom flanges of the beams m the platform and 
curved portions were securely welded together as indicated m Fig 2 J"butt 
welds were used in order to avoid movmg all the heavy pieces to a machine 
for preparation of the groove, since the placing of a groove in each edge of 
the flanges of only three beams provided grooves for welding all of the 
beam flanges together. This grooving was done on the individual units of 
the beams before the thermit welding of the splices was earned out The 
groovmg of the curved flanges was done before the plates were bent to 
shape The photographs of Figs 11 and 12 clearly show the prepared edges. 

The weight of the completed main car body was about 1 50,000 pounds 
Welding of both top and bottom flanges called for some means of turning 



Fig. 13. Iig for assembly of car body. 
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the heavy stnicture so that the work could be positioned for welding. Two 
jigs with tninnions and clamps for holding the bolsters at each end were 
constructed and are shown in Fig. 13. Since the connections of the beams 
to the bolster are boxed in by the addition of the next beam it was necessary 
to start with the assembly of the middle beam and weld it to the bolsters 
at each end. Then the beams on either side were assembled and welded to 
the bolster until, finally, all seven beams were so connected. 

Next came the making of the continuous longitudinal welds on the 
flanges of the beams in the platform and curved sections. Owing to the fact 
that the fabrication of this car was carried out in freeajing weather of 
January 1941, a rough wooden shed was built in which the assembly 
and welding could be conducted. The entire assembly was maintained at 
about 200®F. throughout this welding operation by means of several gas 
fires inside old steel drums, which were distributed along the under side of 
the car body. By a careful control of the heat it was possible to keep warp" 
ing to a minimum. Gages were distributed at several points, by means of 
which the deflection due to welding on the top side could be measured. 
Whenever this deflection amounted to assembly was turned 

over and welding proceeded on the opposite side until the deflection in^ 
dicated that another reversal should be made. Once the welding had begun, 
the operation was carried on continuously until the work was completed. 
The step-back method was followed and symmetry of welding about the 
center line of car was maintained in order to avoid unequal warping. 

Upon completion of the longitudinal seams, the positioning fixtures were 
temporarily removed to permit the addition of the outside end beams 
forming the other half of the bolsters. The fixtures were replaced so that 
the final welding of these end beams could be completed and the body side 
bearings be positioned. The jigs were then removed and the center plate 
riveted and welded in place. 

From this stage on, the assembly of the car was completed by placing 
the main car body on the two end supporting structures. There was no 
crane available with sufficient lifting capacity and to surmount this diT 
ficulty the assembly and welding of the main car body had been carried out 
over one of the yard tracks. The body was jacked up while the two end 
structures on their trucks were rolled into position, when the main body 
was lowered into its final position. 



Fig. 14, (left). View of weMed splice. Hg.; (nght). Iongitu(^nol welds on curved 
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The fabrication . of the main body required 8000 pounds of ^Thermit 
in the making of the 28 splices. There were 38400 linear feet of y^nnch 
bead welding, requiring 7800 pounds of electrodes and 1400 man-'hours for 
the operators. 

Fig. 14 is a photograph of the thermit-welded splice beUveen the plat- 
form and curi^ed portions. The fillet weld betw^een the web and flange of 
the curved section is plainly evident. Likewise, the beveling of the bottom 
flange to bring it within the A.A.R, clearance diagram may be seen. Fig. 15 
shows the longitudinal welds on the flanges of the curved portion. 

Fig. 16 is a photograph of the completed car carrying its first load, an 
ingot mold weighing idO tons. Today the car is in regular use, contributing 
its share to the war effort of the steel industry. 

Advantages of Welding — ^The problem of riveting such a car body 
appeared almost insurmountable and the only other alternative to welded 
construction was that of unit cast steel. This latter method would have 
Involved the cost of an expensive pattern, which cost would have had to be 
absorbed on the one car. Then there was the delay incident to making the 
pattern, whereas the welded construction could start immediately upon 
arrival of the rolled steel at the shop. Welded construction offered the 
assurance of sound metal throughout the structure and precluded any pos- 
sibility of delay or expense due to difficulties that might arise in pouring so 
large a casting. 

A brief study of the construction of the main car body will show that, 
aside from the one operation of bending the flange plates of the curved 
sections, every other operation can be executed with the simple tools and 
equipment used in gas cutting and welding. There is no need to handle 
any of the pieces to machines for any of the operations common to riveted 
work. 

Where shop overhead expense is proportioned according to the facilities 
required in fabrication, it becomes apparent what savings can be effected 
in the cost of welded construction of the type exemplified by this car. 

The jig for the Thermit welding was particularly simple and inex- 
pensive, since it merely had to provide vertical support for the weldment 
and was not required to restrain any deformation or provide for positioning 
the beam. Very few shops, particularly in the car building industry, are 



Fi^. 16. Car loaded with 160-ton mold. 
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equipped with cranes of sufficient capacity to lift 75 tons and, in overcoming 
this difficulty, the jig for the car body met the problem of assembling and 
handlmg for weldmg in an effective manner 

Estimates of Cost — The actual costs of the main car body were available 
only in part to the author and it has been necessary, therefore, to estimate 
a cost for a minor portion of the total No car of this size has ever been 
built in cast steel construction and consequently there are no figures for the 


cost of such a car 

WELDED DESIGN 

Rolled Steel (includmg freight) $ 5980 

Arc Welding 

Material 520 

Power 200 

Direct Labor 1650 

Thermit Welding 

Material 2800 

Direct Labor 500 

Jigs 1300 

Preparation of Material 

Labor 750 


Total Cost $13700 


The weight of the finished car body was 156,980 pounds The cost per 
pound equals = $ 0873 The addition of 150 per cent overhead to 

the Items of labor brings the estimated cost to $18,050, or $.1150 per pound. 

A still further reduction in the cost of the welded rolled steel design 
might have been effected by usmg ordinary structural steel instead of the 
nickehcopper steel in the high end beams, the webs of the curved portions 
and the stiffening plates This would have resulted in a reduction of 50 cents 
per pound in the cost. Such use of lower cost material in places where it 
IS suitable could not be followed with cast construction, since it would be 
necessary to pour the same grade of material throughout the casting 
Cast Steel Design — ^From a study of the published prices of cast steel 
truck bolsters, locomotive side frames and complete locomotive beds m 
standard designs (for which no large costs for new patterns ‘have to be 
included) it has been concluded that the price of the main car body in cast 
high-tensile steel would have been at least 15 or 16 cents per pound 

Summary of Costs 


Matenal of Construction Cost Profit Price 

Welded Rolled SteeL... 11— 11.5c 20% 13 2— 13 8c per lb” 

Cast Steel L 15 0 — 16 0c per lb. 


Since only the sellmg prices of cast steel were available, it was necessary 
to determme a sellmg price for welded rolled steel, for which a profit of 20 
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per cent has been assumed. The comparison of prices shows a definitely 

lavorable balance for the welded rolled steel construction. 

Conclusion This paper has described the design and construction of a 
speaal type of car, of which only one was built. In the case of most special 
ars, only a single unit, or at the most only a few are built to any one design. 
COT such cars, welded rolled steel construction offers an ideal method of 
labncation at a reasonable cost and facilitates prompt completion. 

• ^ designing and fabricating procedure and the simplicity of construe' 

tion details developed for this 250'ton flat car point definitely to the ad' 
vantages of applying them to the underframes of ordinary flat cars and 
^ndolas, where the number of cars of these types, built annually, runs into 
the thousands Underframes of box cars are already in that class where 
welding is an accepted method of fabrication. 

As might be expected, retrospective study and analysis of the design of 
thw car, in the light of experience, have brought out several instances where 
additional economies may be effected in the cost of future cars. No detail 
of construction is too small to be studied and the success of any welded 
^ructurc is enhanced to the degree that attention is given to seemingly minor 
items of design and fabrication. 



Chapter V — ^Arc Welded Conversion of Tenders Into Tank Cars 
By Clifford A. Salk and Ray F. Theisen, 

Cdtman and Welder, respectively. Great J^orthem Kailway, St. Cloud Shops, 

St. Cloud, Minn. 



Clifford A. Salk 


Subject Matter; Arc welding, applied to 
the conversion of tenders into tank 
cars, lengthens the service life, since cor* 
rosion causes rivet heads to loosen and 
plates .to crack. Corrosion can be more 
readily checked if welding is employed 
and the car is stronger and more durable. 
Further, the elimination of excess material 
reduces the total weight and gives better 
and longer performance. Arc welding oh 
fers a larger measure of safety both dur" 
ing construction and in subsequent opera- 
tion, since there are no projecting rivet 
heads on plate edges to trip trainmen and 
loaders wsdking on the deck. Savings 24%, 
as compared with riveting, are claimed. 



Ray F. Theisen 


The subject matter of this paper compares arc welding with the previous 
method of construction which was riveting. 

Referring you to "‘’Bill of material for riveting one Water Car, changed 
from a Tender,'’ and “Bill of material for Arc Welding one Water Car, 
changed from a Tender,” herein attached: The total cost of construction 
by applying rivets, was $130.03, and the total cost of construction by ap' 
plying arc welding is $97.92, a saving of $32.11, or 24.7 per cent per 
water car. 

The total time for riveting was 60.8 hours and the total time used for 
arc welding is 24 hovurs, a saving of 36.8 hours, or a saving of 60.5 per cent 
of time. Welding speeds production! Figures don’t lie! 

Referring to drawings Figs. 1 and 2, you will readily notice the difference 
in the tank supports used. Where riveting was applied, we used a long 
angle iron, and where we applied arc welding 1-inch bars were used. We 
found arc welding made a sturdier, stronger and more rigid structure. 
Where the angle iron was used we found loosened rivets due to vibrations. 
By use of arc welding, this fault was readily checked. When these rivets 
were loose, we also found the plates to which they were attached, cracked, 
causing the tank to leak. 

On car after car, as we went along, we applied arc welding instead of 
rivets, in places where arc welding proved more practical, until finally arc 
welding was applied throughout, discarding the use of rivets altogether. 
On these water cars, all rivet heads inside of the car became corroded and 
rusted. Corrosion and rust caused the rivets to loosen which in turn cracked 
the plate to which the rivets were applied. On the other hand where arc 
welding was used, corrosion and rust can be checked, the service life of the 
car can be lengthened a great, cfea|f Arc- welding, therefore, definitely in- 
creases the service life of these v^tw pars. 
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rH£ ruo />A£(ts r/^/s 



Arc welding has been proven more efficient than riveting: Referring to 
the drawings where the coal slope angles meet the top of the car, it was 
found rather difficult to get m those comers with a pneumatic nveting ham^ 
mcr, where therewith a weldmg rod, it could be easily reached. Therefore, 
arc welding is more practical and more efficient in the course of construction 
on these water cars. 

In the actual structure, arc welding makes the car one integral part, 
stronger, more durable and more rigid. Plates and angles are weakened by 
the process of punching, which must be done preparatory to riveting 
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Fig. 2. Welded conveTslon tender into water car. 


Refer again to drawings, Figs. 1 and 2. Note the coal slope angles which 
are used when nvets are applied; when arc welding is apphed, these angles 
can be done away with completely. Where extra material can be discarded, 
it makes the tank lighter and therefore gives the tank a better and longer 
running performance. 

More safety can be accomplished in the course of construction and in 
the actual structure of water cars by the use of arc welding. The top of 
the water car or tank deck that is riveted, the plates attached must be 
overlapped to allow connection of these plates by the rivets. This overlaps 
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Bill of Material asid Labor Required for Riveting One Water Car Changed 
from a Tender (See Fig. 1) 



Angle Iron 

Total 

Cost 

r-A" Lm Ft @9A» cwt. $2.77 

4'-0'' Lm Ft 3i/2''xrxl4'' cm. $2.77 

68'-10' Lin. Ft 21/2 ''x2I4''x 5/I6'' @5.0# cwt. $2 77 

13'-6'' Lm Ft. 2'’x2''x«4”’ @3.19# cwt. $2.77 

Total cost of angle iron. . .. 

$ 192 

70 

10 99 

1 19 

$14 80 


Plates 



s— Pis I4^x4'-~0^x9^-10"' 

1—pi wxr-6y4^xW-o^ 

@4012# cwt $2 77 

@481 7# cwt. $2.77 

@563# cwt $2.77... . 

Total cost of plates 

$33 44 

13 34 

15 60 

$62.38 


Rivets 



22— 5/8''x2* 

13— 5/8'’x2!4*' 

74— !/2''x2i/i" 

825— !/2''i2'' 

@.249# cwt $4 17 .. 

@.273# cwt $4 17 - 

@ 163# cwt. $4 37 

@.149^ cwt $4 37 

Total cost of rivets 

$ 23 

15 

53 

5 27 

$6.18 


Tarpaper 



1— Piece 3'-0''x29'-0'' 

@$.004146 per sq. ft 

Total cost of material 

Os 

$83 72 


Labor 



906 — 9/16^ holes 2 men, 

Angle Punching 

2 hrs. @$.72...^ — 

$ 2 88 


Plate Punching 

86S— 9/16" holes 2 men, iYz hrs. @$.72 

Total cost of punching 

5.04 

$7 92 

200 — 9/16" holes 1 man, 

Cutting by Acetylene 

1 hr. @$ 72 

$ 72 



Riveting 

2 men, 10 hrs. @$ 60 $12.00 

2 men, 10 hrs. @ .88 17.60 

Total cost of riveting $29 60 

Bolt Tacking, Preparatory to Riveting 

2 men, 2 hrs @$ 88 $3 52 

Reaming Holes Preparatory to Riveting 

1 man, V/z hrs @$88 $1.32 

Apphcation of Tank Supports 

2 men, 20 min. @$ 88-.- $ .59 

Apphcation of Coal Slope Angles 

2 men, Yz hr @$.88.. ...... $ .88 

Apphcation of Tarpaper 

2 men, 1 hr. @$ 88 $1 76 

Total cost of labor $46 3 1 

TOTAL COST OF MATERIAL AND LABOR $130 03 

Note: All other labor is same as for arc welding. 
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Bill of Material Required for Arc Weldmg (Maniiai) 
One Water Car Changed from a Tender (See Fig* 2) 


Total Co®t 


Angle Iron 

44'-10'' Lin Ft. 2!/2 ^z2!/2''x 5/16'' @5^^? cwt S2 -^7 $7 11 

13'- 6^ Lm. Ft 2"x2''xy4" @3 19^5^ cwt 7 77 1 19 

Total cost of angle iron $ 8 30 

Plates 

2— Pk i4''x4'-0''x9'-10'' @401.2i5^ $2 77 $22 30 

1_-Pi. 14''x42''x9'-10" @%5l^ curt 2 77 9 71 

1— PL !4"2:5'-6!4''xI0'-0" cvt 2 77 15.60 

1_PL ^"x4'-2^xir-0" @467.5^«^ .wt 2 77 12,94 

1_PL 34''x3''x4'-0'' @1 2751$^ cwt. 2 77 14 

<5._pis 1 "x31/2''x 15'' @14.885i5 cwt 2 77 2.47 

Total cost of plates 16 

Welding Rod 

5/32" F. W Kfo 5— cwt $6 30 $ 38 

3/16" F W No. 7—18^ cwt 5 80 94 

5/32" F W No. 7— 14t4J^^ cwt 6 30 90 

Total cost of welding rod $2.22 

Total cost of matcnal $73 68 

Labor 

1 man, 24 hrs. (2)$1 01 $24 24 

TOTAL COST OF MATERIAL AND LABOR $97 92 


Note: All other labor ia same as for rivctirg 


COMPARISON 


Total of construction cost by using nvcting...... - $130 03 

Total of construction cost by using Arc Welding 97 92 

TOTAL COST SAVED BY USING ARC WELDING $3211 


ping makes a rough deck not as safe for trainmen and loaders, as an arc 
welded deck, where overlapping is not necessary and where protruding rivet 
heads arc done away with, making a smooth even tank deck. Arc welding, 
as a whole, makes the tank one integral, solid piece, to insure rigidity and 
lessen destruction by vibration 

Arc welding is safer in the course of construction of these water cars. 
There are four men to a riveting crew, a rivet heater (with his furnace, 
tongs, buckets and water pail), a rivet catcher (with his bucking bars of 
all kinds to get into different places), and a hammer man (with his pneu' 
matic hammer). In the course of nveting, the man that bucks rivets must 
have a wrench, reaming machine, and a hammer handy. A wench to take 
out bolts, a hammer to drive nvets through holes that fit a little snug and 
a reaming machine to ream out holes that may be too small for tie rivets. 
With all these tools, hoses and machines lying here and there it makes 
riveting much more hazardous than arc welding, which takes one man 
with one machine and his weldmg rods and ball peen hammer. 

During the course of writing ti:ds paper these water cars w^e converted 
into oil cars, by simply addmg a suction pumjp and vent pipes, thereby 
releasing the conventional type tank car for use m defense oil aehvery. 

In the course of constructing these watex cars arc weldmg was more 
economical, more efficient, due to increased service life of the cars, safer in 
structure, less hazardous in course of construction and it speeded up 
production. 



Chapter VI— Underframes for AU Welded Railroad Passenger Cars 

By J. E. Candlih, Jr., and A. M. Unger, 

Assistant Engineer and Plant Engineer, respectively 
PuUman'Standard Car Manufacturing Co.„ Chicago, Illinois 


Subject Matter: Major considerations in 
the gradualiy'increasing applications of 
welding to railroad passenger cars are out- 
lined '‘^since 19S6.’' The standard con' 
struction for steel passenger cars has been 
the all welded car. Strength calculations 
and a discussion of the fabrication of vari' 
ous assemblies follows, including, espe' 
cially, the draft sill and the end sill, for 
which steel castings were always formerly 
employed. Cost and weight comparisons 
are made showing substantial savings. 

J. E. Cai^lin, Jr. 




A. M. Unger 


The American Railroads have been very successful in the handling of 
passengers with comfort and speed for they have always emphasi2;ed pas^ 
senger safety. The careful design of railway passenger cars is the most 
important reason for the remarkable safety record that has been established. 
Before the era of light weight cars, safety was accomplished by the use of 
excess metal in the construction, but with the introduction of modem 
streamlined trains during the last decade, the premium placed on light 
weight construction would not permit an inefficient design to be used. 

Reduced weight is now very important in the industry, since the raih 
roads have been forced, by competition, to operate at the greatest possible 
efficiency, and the use of light weight equipment allows longer trains and 
higher scheduled speeds. During this last ten year period, many new 
materials have been made available for car construction and new methods 
of fabrication and assembly have been developed. The designer must 
choose the right materials for construction, use the proper amount of mate- 
rial to withstand the forces encountered, and assemble the material by the 
most efficient method. 

Given the proper material, it is not enough to use the correct amoimt 
without providing sufficient connection between the various parts. Welding 
is the most important gift given the railway car designer for his use in 
producing a light weight steel car. In using this tool he can keep, the cost 
of construction as low as possible by eliminating the use of expensive dies 
and machinery. The maintenance costs also are kept low due to the omis- 
sion of lap joints which invite corrosion. He can design a structure that 
is welded into a unit instead of one which is a collection of parts. He can 
build a structure which has the exact properties he desires instead of using 
a rolled or pressed section which is available. As a result, the strength of 
the finished car can be increased when less material is used. 

For many years, all structural parts of a railway passenger car, whether 
of rolled or cast steel, were riveted together. When welding was first intro- 
duced, it was used only on minor parts that carried no important loads. 
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As welding was developed, it soon proved economical in other parts of the 
car, and today very few non^welded parts are used. Even these are being 
replaced one by one with welded assemblies. Since 1936, the standard con^' 
struction for steel passenger cars has been the alhwelded car, (See Fig. 1.) 

Specifications and Design — railway car structure may be divided into 
two principal parts: the superstructure, that portion of the car which is 
above the floor line; and the underframe, that portion below the floor. 
The sides, roof and ends which compose the superstructure of the car 
were previously of riveted construction but are now all welded. For each 
side or end, the framing is all assembled by arc welding the rolled and 
pressed members together into a framework. All the sheets are arc welded 
together to form a covering for the framework. This large covering sheet 
is then spotwelded to the framework to form a finished side or end. 

Welding has also replaced riveting in the underframe. The underframe 
is made up of many parts, the principal member being the "‘'backbone’’ com- 
prising the ""centersill” and the extending portion of it which is called the 
“draft siir\ 

The latest item on the car to be changed to an arc welded design was 
the draft sill structure. The underframe must be designed to support the 
floor loads as w^ell as the forces from adjacent cars which are continually 
pushing and pulling while the train is in operation. The design of the 
draft sill is. a very important problem because of the high stresses involved 
and because the draft sill is subject to high impact and fatigue. 

The need for a strong center sill construction always has been apparent 
and was recognhjed by the government in 1912 when the postoffice depart^ 
ment approved the first “General Specification for the Construction of Steel 
Railway Post Office Cars”. This document was the first general specification 
for construction of steel railway passenger cars and has been revised five 
times in a period of 26 years. The last revision was made in 1938. Al- 
though no general specification such as this was adopted by the Association 
of American Railroads during this period, the Post Office Specification was 
followed by the leaders in the car-building industry for the construction of 
all cars whether they were to carry mail or not. It was assumed, of course, 
that the protection of passengers was as important as the protection of mail 



Hg. 1« Modem all welded steel passenger car. 
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Hg. 2. Attached cost droit slU to center silL 


and mail clerks. Moreover, definite advantages could be claimed by making 
all cars in a train of equal strength. 

With the above thoughts in mind, and in an ejflFort to compel all raih 
roads and car builders to build cars that would provide maximum safety, 
the Association of American Railroads adopted as recommended practice, in 
the latter part of 1939, ‘‘“Specification for the Construction of New Pas^ 
senger Equipment Cars”. This specification was written to cover all cars 
operating in passenger trains, whether mail, express, baggage, or for pas- 
sengers only, and, because it was by far a more rigid specification than that 
of the Post Office Department, this new set of rules was destined to affect 
the entire building industry. 

For many years, previous to the adoption by the A.A.R. of their first 
code covering construction of passenger cars, welding was not generally 
used in the industry and the railroads had a choice, for the important draft 
sill, of using a construction of rolled steel in riveted form or a liuge steel 
casting. The riveted structure, while considerably lighter and less expensive 
than the casting, was of ample strength to meet the then existing nffes for 
construction. Experience in operating cars over a long' period has shown 
the riveted type of construction to be well engineered for passenger safety. 
The cast draft sill was, of necessity, penalujed in weight and cost because, it 
was impossible to make a casting with very thin walls. The additional 
metal used was also necessary because of the allowance that must be made 
for porosity in a casting. (The A.A.R. specifications state that the allowable 
tensile stress of cast metal shall be limited to 80 per cent of that allowed 
for rolled metals.) 

Just before the new A.A.R. rules took effect, some welding was used in 
the draft sill but this was limited to attachment of castings to rolled sections 
and plates. The engineer designed the center sill to run all the way to the 
end of the car and supplemented it with a few steel castings. In this way 
the draft sill became an integral part of the center sill. This was possible 
because at that time a buffing device was used to relieve the coupler of a 
portion of the buffing load. 

After the adoption of the A.A.R. specification which provides for the 
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use of tight locking couplers without a buffing device, it was necessary tc 
add great strength to the draft sill which addition w^ould probably doubh 
the weight of this member. This large addition in weight allowed the 
cast construction to compete on an equal basis with the riveted constmo 
tion; in fact, the engineer found it difficult to provide sufficient rivets tc 
meet the required strength. The steel casting, although heavier, coulc 
easily be made to comply with the new requirements and was used or 
several of the succeeding designs, (See Figs. 2 and 3). 

After an analysis of various types of construction and materials, ii 
became evident that welded assemblies would provide outstanding advan 
tages and that an entirely arc welded draft sill could be designed, whicl 
would be stronger, lighter, and less expensive than either a riveted or casi 
sill. The introduction of the modern low alloy, high tensile steels mad^ 
the welded draft sill a much better construction than a cast draft sill because 
of the additional saving that could be made due to use of this steel. Fig. 
shows an all welded alloy steel draft sill. 

A.A.R, Specifications — Since the A.A.R. specifications are new to man) 
men in the business, the following will serve to explain briefly, the mair 
points to be considered. The strength requirements for the draft sill car 
be summaritied as follows. 

1. The draft sill should stand a horizontal load of 800,000 pounds ap' 
plied at the rear stops on line with the center of the coupler without 
permanent deformation. This force represents the maximum load on the 
coupler. (This load is actually applied in a '"squeeze test” which is spom 
sored by the Association; this test to be made on all new designs.) 

2. It should resist a horizontal load of 500, 000 pounds applied on its 



Fig. 3. Completed imdexfrcDne with cost dzoft sill. 
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extreme end at a point 12 inches above the coupler line. This portion of 

the siH IS called the '^center end siir’. This force represents the maximum 
load on a ‘^‘buffing device’’ that is sometimes used at this location. 

3. The center end sill should resist an upward thrust of 100,000 pounds 
at any position the coupler may take The center end sill is made to 
extend almost to the centerline of pulling face of the coupler so that a 
conventional coupler on the adjoining car cannot slide vertically upward 
to disengage This arrangement meets the anti-'climbing requirements of 
the specification. 

4 The coupler carrier should stand a vertical downward load of 100,000 
pounds applied at any coupler position The earner is actually spring 
suspended but the member just below it may be made to meet this rule. 

5 The body centerplate should be attached so as to resist a force of 
250,000 pounds applied in any direction This represents the force that 
should be set up by the truck in resisting telescoping of the cars 

6 Each main vertical end post should be of sufficient shear area and 
should be attached to the end sill so as to resist a horizontal load of 300,000 
pounds These posts are antntelescoping members and together they afford 
a resistance of 600,000 pounds 

Referring to items 1, 2, and 6, above, it is evident that the draft sill 
must be designed to stand a load of approximately 800,000 pounds applied 
on Its end in almost any position This accounts for the senous addition in 
weight over the old designs where this force was applied at one point only. 

7 All vertical reactions due to any of the above forces or moments 
may he resisted by the bolster 

Method of Calculating— For the first two parts of the specification (in 
1 and 2 above), it was found, on very careful analysis, that the following 
method of calculation would apply 

Let F = Fibrestress at extreme fibre of section. 

St == Section modulus at top of section. 

Sb = Section modulus at bottom of section. 

S = Minimum section modulus. 

A, = Area of section. 

The stress at any section due to the load of 500,000 pounds applied 
12 mches above centerline of coupler 

^ 500,000 , 500,000 Y 

F = + 

Tbe stress at any section between the centerline of bolster and rear 
draft lug due to the load of 800,000 pounds applied at the rear draft lug 


F = 


800,000 


+ 


800,000X1’® 

Sb 


A 
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The stress at any section between the rear draft lug and the centerline 
of end post due to the 8OO5OOO pound load 

„ 800,000 Z 

F= g 

The above formulas, when used so as to give stresses below the yield 
point of the material by sufficient margin for safety in the so'called 
"‘squeeze test” referred to previously, will give the plate thickness necessary 
to form a satisfactory draft sill. (Of course, detailed study must be made 
of the following points; 

(a) The center of gravity of the centersill should He in approximately 
the same horizontal plane as the center of gravity of the draft sill so that 
no moments will be set up at the splice between these two members. 
Where no eccentricity* exists at the splice, the bending moment in the sill 
at the bolster is very low because of the great stiffness of the draft sill. 
This small moment can be ignored. 

. (b) The draft lugs should be checked carefully to make sure that they 

are backed up by sufficient ribbing so that no upsetting will occur in the 
ribs. This will prevent failure of the weld between the lug face and the 
draft sill web. 



Fig. 4. Welded draft silL 


(c) Due to the fact that the load is applied on the draft lug face over 
an area whose center lies about one inch from the center of the web which 
must ultimately take this load, a horizontal rotating moment will be present. 
This moment must be resisted in part by the top plate of the draft sill, 
partly by the bottom flange and horizontal ribbing on the web, and partly 
by the draft gear carrier which is bolted to the bottom of the draft sill 
under the draft gear. 

(d) It is important to investigate the ‘■'center end sill” to make sure 
that there is enough resistance at that point to develop 500,000 pounds 
and that the attachment of the buffer beam to the webs and top plate of 
the draft sill will transfer this force into the draft sill. 

(e) The center end sill should be checked for strength to resist the 
force of 100,000 pounds upward at both points. 

(f) The coupler carrier should be checked for a force of 100,000 pounds 

downward at any coupler position. > , ; 

(g) The : entire job should be calculated carefully to make sure that 
the small details are adequate and that the welds are properly specified. 

Several ‘■'squeeze tests’’ have been made on welded cars having welded 
draft Rillfi designed in this wavl These tests were made at the Altoona 
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Shops of the PennsylvaEia Railroad. Dtiriiig one of these tests, strain 
gauges were applied to the various parts of the car, particularly the draft 
sill. It was found that the stresses in the draft sill followed very closely 
the calculated stresses and that all stresses were w^ell below the yield strength 
of the material. Furthermore, at I^st 1000 draft sills that were calculated 
in this way, have been constructed and not a single service failure h^ 
appeared. With one exception, all of the cars built since the design of this 
type of draft sill have used the welded type. It has been used on aluminum 
cars as w^ell. This experience with welded draft sills proves beyond a doubt 
that, for equal weight, no other construction could be used to give greater 
safety or lower cost. 



Rc|. 5. Complete welded underframe. 


Details of Construction — ^The all welded draft sill is principally of a 
box section comprising two vertical web members each ^gdneh thick, a 
top plate J4dnch thick, and a bottom plate J/ 2 dnch thick. It is spliced to 
the centersill with a butt weld and reinforcing plates at top and bottom as 
shown just to the left of the bolster. The entire weight of the car body 
is carried to the truck at the center of the bolster where a ’'‘center filler” 
is used. The centersill is made by welding the toe of a rolled angle to the 
stem of a rolled tec to form a “J” section and it is supported on the load" 
carrying sides at approximately 8"foot 6"inch centers by the “crossbearers'’ 
which are welded Tsections built up from plate to form a tapered beam. 
Fig. S shows the complete welded underframe. The bolster is a double 
webbed welded member which carries the entire body weight to the center" 
filler. All cross members are welded to the side sill and centersill. The 
centerfiller, which previously has been a casting, was plug"welded to the 
webs of the centersill. 

A new welded centerfiller, (See Figs. 6 and 7), has lately been applied 
to one new passenger car for trial and after being proved successful, is to 
be incorporated in future cars as standard practice. The welded centerfiller 
saves a large percentage of weight since the cross ribs are welded directly 
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Rg. 6, (left). Sub^aembly of welded center filler. Fig. 7, (right). Welded center ftllei 

^I^Bed to drcdft lOll. 


to the centersill, eliminating the entire side webs of the cast type. The 
‘‘"centerplate” which is the swivel bearing to the truck is riveted in place 
because it must be removed when wear takes place. The centerfiller and 
ccnterplate are interlocked as a safety measure in case the rivets are sheared 
by the force of 250,000 pounds referred to in item 5 under "'A.A.R. 
Specifications”. 

The center lug which is a small steel casting must take most of the thrust 
from the coupler. It is cast with two legs which project through holes in 
the web of the sill to which they are welded. These legs are in turn welded 
to longitudinal ribbing which distribute the twisting moment described 
in item (c) under ‘"Method of Calculating”. Elimination of this casting 
and substitution with an arc welded steel lug is being considered at the 
present time because of the uncertainty connected with the use of a casting. 

Directly below the draft lugs, the draft gear carrier is bolted to the 
bottom of the draft sill. This piece serves to support the draft gear and 
coupler tail knuckle (which must be removed periodically) but at* the same 
time the carrier ties the lower flanges of the sill together to resist spreading, 
closing or twisting, in case of a severe blow on She coupler. 

Before the end of 1939, steel castings were always used for the center 
filler, draft lug housings, and center end sills. The center end sill now used 
is entirely arc welded from plates and rolled channels. The vertical end 
posts are attached to the vertical portion of the end sill by welding through 
slots as well as by two fillet welds about two feet in length. The end posts 
are a rolled CB section, but, because the web of this section does not 
have sufllcient area to meet the rules, the web is burned out and a thicker 
one welded in for a height of about three feet above the end sill. 


Welding of Draft Sill— Fabrication of the welded draft sill is begun 
with sub-assembly of the web plates. In this sub-assembly operation the 
draft lugs are located in the proper position on the web plates by means 
of a locating jig. The parts are tacked together in this jig; the shje of the 
tacks being sufficient to hold the draft lug parts in their proper location 
after removal from the jig for welding. The plates are removed from the 
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Jig for ■welding because the parts to be welded are then more accessible 
and the part is easily positioned manually by the welder for downhand 
welding. 

The draft lugs transnut the entire buffing load of the draft gear into 
the draft sill and then to the center sill. This load is often ^ddenly ap^ 
plied and the lug attachment must withstand these impacts, Tne lugs are 
attached to the web with a double J^weld giving full penetration. 

Upon compleuon of the draft lug welding, the web plates are assembled 

in a jig. The bottom flange plate, stiffener plates, and bolster center filler 
are added in this jig All the parts are tack welded together and the 

assembly then taken out of the jig so that it can more easily be positioned 

for welding. 

Positioning of the assembly is accomplished by attaching two circdar 
rings. The draft sill is easily rolled on these nngs to position Ae welding 
by the welder himself, ^?/hen the welding is complete, the rings are re^' 
moved and the top cover plate welded m place, after which the draft sill 
is attached to the center sill by means of a butt weld. The completed 
center sill is shown in Fig 8. 

Welding of End SHI— The center end sill, which was formerly part of 
the draft sill casting, and later a separate casting, is now made up entirely 
from pla»tes and rolled structural members. Some of the plates are not 
pressed to form parts of the end sill. These axe first tacked together in 
assembly jigs and then positioned for final welding in special manipulators. 

The structural channel members that stiffen the interior of the end sill 
are fillet welded to the bottom plate and plug welded to the top cover plate. 

Positioning of the end sill, as with the draft sill, is best done with 
custom bmlt positioners. The cost of these positioners is low and they serve 
very satisfactorily. The parts are turned manually and held in position by 
a pin acting in holes in a disc which is mounted on the supporting shaft 

Assembly Into Underframe—The draft sill and center end sill are not 
joined together until they are assembled in the underframe jig. The draft 
till is first welded to the center sill This center sill assembly is welded 

the <^nter end sill by means of butt welds. 


Savings In Cost and Weight 


Cost of Cast]ng-...-,w..-. 
Cost of Wtidment — 
by Welding.-^.*. 
%Cost Savings, 

of Casting-,-,- 
W^it of Wddeaenti 

&ving by Wdding- 

% W^t Savings,.,,- 
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H?. 8. Center sUls and draft sills asseinbled. 


During 1941, 228 cars were built in our shop. With a savings of $781.80 
ind weight reduction of 2,5'49 pounds -per car from the use of Ae above 
welded parts, the yearly savings would be $178,2f0.40 and a savings of over 
290 tons of steel- j;,| ■ 

There were' 548 passenger cars cp^ructed in the United States durir^ 
1941 for domestic use. If the weld^^diaft all parts had been kibstituted 
for castings on each of W would have Ivy n 

?428, 426.40 ^hd "the' weight diffecegilir'^^dduve been 700 tons. 

Reductioas in cost and Ve^hte M ^^t9he^th&d^ (^^ one-half is the prime 
easoh that cmtinuance of the process is assur^d^ ' 



Chapter VH— Arc WeMed Suspension for Air Conditioning 

System 


By John F. Muller and Gonzalo C. Munoz, 

&tks Engineer and SecreUty'Treamrer, respectively^ 
The AMcncan Pulley Company, Philadelphia, Pa, 


Subject Matter; Study of the best method 
of suspending the compressor of a railroad 
car atr/rrortdltiQnmg syi^em. C^st iron was 
first considered and discarded because of 
the possibility of bidden delects and^ space 
limitations. Cast steel was prohibitive on 
account of its cost. Detailed accounts of 
the design of both arc welded and riveted 
compressor suspensions, together with a 
close stress analysis of the frame, are 
given. Elaborate weight and cost data on 
both systems indicate the advantages of 
arc welding, savings in amount of $17.11 
per unit and hence, $51,330 per 3000 
cars per annum being figured. 

Bitroducticm — ^Any man of 60 can remember the old wooden railway 
passenger cars of his boyhood days, full of smoke and dust from the opened 
windows in summer, cold or overheated in winter; and lighted most inadequate^ 
ly from gas tanks under tihe car. They were not safe and they certainly were 
not comfortable. 

In the early days of railroading, passenger trains ran only by day and did 
not require ai^cial lighting. As t^e railroad system was extended, night 
travel came into vogue, and the old stage-coach custom of the passengers 
bringing their own candles was extended to the passenger railway car. Later 
candles were provided by the railroads and protected by glass shields. In 1850 
oil lamps were introduced and were later superseded by gas which was quite 
generally in use in the 1890's. 

Experiments in electric lighting were first xmdertaken in the early 1880’s 
and from this beginning countless electrical improvements have continued to 
the present time. The air brake was another important improvement which 
a^ed immensely to the safety and comfort of passenger travel, as was the 
automatic coupler which supplanted the old inefficient link-and-pin, the cause 
of so many accidents among the train crew. In the early days, passenger cars 
were heated with stoves, and later by hot water heaters, until finally in 1903 
the modern vapor heating was introduced. The first all-steel passenger coach 
was built in 1906, and today the old-fashioned wooden coach is seldom seen 
on our great trunk lines. The stream-lined train is a more recent development 
and the first successful one of this type was operated as recently as 1934. 

Air conditioning of passenger cars began as, "'air cooling'' in 1884, when 
the Baltimore and Ohio Railroad equipped a passenger car with an ice cooling 
system. In 1929, the same railroad successfully tested mechanical air condi- 
tioning in a passenger coach, and a year later put in operation the first 
mechanical air conditioned passenger train. From that date on nrnar#>.cQ 
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Hg. 2. Modem paesenger cor eguipped widi step-modulated cdr conditioning. 


rig. 1. Arc welded compressor suspension with compressor and motor in place. 

throughout the country was rapid, and today there are approximately 12,800 
air conditioned passenger cars in service in the country, and in which we can 
cross our western desert during a sand storm with iJie temperature at 115 
degrees and sit in perfect comfort in a welhventilated and air-conditioned car. 
We have come a long way since the early attempts at air cooling to the modem 
air conditioned car which filters the air, removes excess humidity, and cools 
it to a comfortable temperature. 
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STUDIES IN ARC WIELDING 


Stcp-Modiilated Air Conditioning — ^The latest development in air^'ccndi^ 
tiomng as applied to railway passenger cars is the "Xundy Continuous Control 
Air Conditioning System”. It has recently t^en applied to twenty-five cars 
of one of our largest eastern trunk lines and fifty-five additional installations 
are now on order. 

It is distinguished particularly by its use of a three-cylinder radial com- 
pressor which automatically operates on one, two or three cylinders, depending 
upon the demand for refrigeration. Complete on and off cycling is avoided 
and dehumidification is contmuous. The evaporator is divided into two par^, 
a 45 per cent section operating at light loads, the full evaporator being in 
service when the cooling load is heavy. This causes the coils to operate always 



Rg. 3. Top view of upper frame. 


at a low temperature, thus ensuring a constant removal of moisture from the 
air. The condensor and compressor are applied as separate units to ensure 
adequate cooling of each, and to facilitate their placement imder the railway 
passenger car. The refrigerant used is ^Treon”. The compressor of this 
system is driven at a constant speed by a 10 horsepower 72 volts direct current 
motor, through a multiple V-bdt drive 

A study of the best method of suspendmg this compressor and its inotor 
resulted in the development of the arc welded compressor suspension for 
railway passenger cars, which is the subject of this thesis, illustrated in Figs. 
1 and 2. 

The Purpose of the Arc Welded Compressor Suspension — ^The purpose 
of the arc welded compressor suspension is to support the motor and compressor 
of the air conditioning unit under a railway passenger car frame, with provi- 
sion for ahgnment of the motor pulley, for easy adjustment of belts to the 
proper tension, and for quick removal of the motor or the compressor for 
servicing. 
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Designs Considered — Four types of construction were considered for the 
design of the compressor suspension. Cast iron wa^ discussed but eliminated as 
it was not acceptable to the railroad engineers, due to the danger of hidden 
defects and to the limited space available for the installation. Cast steel was 
acceptable but was found to be too expensive. Riveted structural sections and 
arc welded structural sections were considered, and cost estimates were made 
resulting in the selection of the arc welded design. 


Ilf, 4 » G#&ercdl osMinbly ol arc wcldsd nvmpmuAom 
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STUDIES IK ARC WELDING 


Description of the Arc Welded Compressor Suspension — The suspen" 
Sion consists of an arc welded monolithic angle iron upper frame, 28)4 inches 
wide X 53^2 inches long» as shown m detail in Fig 3, which is bolted to the 
under-structurc of the railway passenger car Due to the fact that the railroad 
engineers were very emphatic m their desire to have all connections of a posi^ 
tive nature, the frame was designed to rest on top of and be bolted to the under" 
structure of the railway passenger car with ^-mch bolts, as in Fig 4, which 
shows the three angles of the car under-structure in dotted lines 

One of the interior angles of the frame, Part No 24, shown on Fig, 3, is 
bolted to the monolithic frame m order to more readily remove or replace the 
compressor, the feet of which rest on the upper side of angle irons, Parts Nos 
1 and 24, thus providing ready removal or replacement of this unit for purposes 
of servicing. 

The 10-horsepower motor driving the compressor through a multiple V-belt 
dnve is suspended on a pivoted base which is supported on the homontal legs 
of angle irons. Parts Nos 2 and 20, (See Fig. 4). This pivoted base consists 
of four motor arms. Parts Nos 3, (See Fig, 4), the outer two of which are 
bolted to the frame, desenbed immediately above, and have bushed bearings, 
Parts Nos 10 and 11, welded to the inside of their semi-circular formed sec- 
tions, (See Fig. 5). A piece of l]4"inch diameter case-hardened cold rolled 
steel, supported by these two beanngs, acts as the pivot for the motor. The 
two interior motor arms, parts marked No. 3, rest on the pivot rod through 
similar beanngs and form the supports for the four legs of the motor. 

The motor arm. Part No 3, nearest the outer edge of the passenger car 
has welded to one end a tension rod pivot block, Part No 7, to which is 
attached the adjustable tension rod, Part No. 5. The threaded lower end of 
this rod passes through a hole m the motor dip, Part No. 4 An examination 
of this part on Fig. 4, shows that by tightening this bolt the motor is caused 
to rotate around the pivot increasing the center distance between the motor 
pulley and the driven pulley on the compressor thereby tightening the belt 
It is obvious therefore that through this device a service man may adjust the 



Fig. 5. Pivoted motor arm* 
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belt on this drive to the proper tension m a matter of a few seconds while the 
railway passenger car is stopped at a station. 

The motor may be quickly removed for servicing by withdrawing the 
motor support pivot rod cotter pm. Part No. 16, withdrawmg the motor 
support pivot rod, Part No. 14, lowering the motor (to which two of the 
motor arms are attached) on to a dolly previously placed underneath, and 
removing the motor to the repair shop The serviced or new motor may be 
replaced by carrying out the above operations in reverse order 

The three cross angle irons, Parts Nos 21, 22 and 23, of the upper frame 
are designed to rest on the hori2;ontal legs of the longitudinal angles, Parts 
Nos 1 and 2, and be securely arc welded together to meet the requirements of 
positive connections insisted on by the railroad engineers. The six %'mch 
bolts fastemng the upper frame of the suspension to the underframe of the 
passenger car pass through tubular rubber mountings The function of these 
mountings is to absorb the tremendous shock existing m all railroad rollmg 
equipment, and also to prevent vibrations caused by the operation of the 
compressor from being earned mto the body of the railway passenger car. 
Fig 4 shows slotted holes in Parts Nos 2 and 20. These are for the four 
bolts fastening the motor arms, Parts Nos 3, to the upper frame, and provide 
adjustment for belt alignment between the motor and the compressor. 

Table I gives a c6mplete parts list of the arc welded design 


TABLE I— PARTS LIST, ARC WELDED DESIGN 


Part No Description 


Number Required 


1 Mam Frame Angle (Compressor side) 

2 Main Frame Angle (Motor support side) 

3 Motor Arms 

4 Motor Clip 

5 Adjustable Tension Rod 

6 Tension Rod Pivot Pin — 

7 Tension Rod Pivot Block — . — 

8 Lord Bushing 

9 Lord Bushing JS^fr9002 

10 Super-Oilite Bearings — .... 

11 Bearing Retainer diameter x 314^ long CRS 

12 2" Pipe Spacer - — 

13 Motor Support Pivot Rod End Cap 

14 Motor Support Pivot Rod — 

15 Motor Support Pivot Rod Washer 

16 Motor Support Pivot Rod Cotter Pm 

17 Filler Block 5/16'' x 2" x 3" H R S 

18 Gusset Plate - * 

19 Motor Arm Spacer Blocks 54^ ^ W* ^ H R.S. 

20 Intermediate Angle, Motor Arm Support 

21 Motor End Cross Angle 5/16" x 2" x 2^4" x 27!4" angle 

22 Intermediate Cross Angle 5/16" x 2" x 214" x 27J4'' angle 

23 Compressor End Cross Angle 5/16" x 2" x lYz^ x 2714^ angle * 

24 Intermediate Compressor Angle 5/16" x 2" x 3" x 25%" angle 

25 Compressor Spacer Blocks 54" x 2" x 2|4^ HRS. 

26 Tension Rod Pivot Pm Washer 

27 Tension Rod Pivot Pm Cotter Pm 

28 X 2" bolts and nuts with lock washers — 

29 X 314" Hi^Tensile bolts and nuts 

30 Tension rod nuts — 

31 X A'* Frame bolts and nuts 

32 54" X 2" X 2" Spacer Blocks HRS — - — — 

33 X 2" X 2" tapered washers, malleable iron — 

34 54" X 214" bolts and nuts wilh lod: washers 


1 

1 

4 

1 

1 

1 

1 

4 

2 

8 

4 

1 

1 

1 

1 

1 

1 

1 

4 

1 

1 

1 

1 

1 

2 

1 
1 

2 
8 

3 
6 

4 
4 
4 
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Descriptioii of Riveted Compressor Suspension — In all essential func^ 
tions the nveted design, is similar to the arc welded design. All connections 
between members of the upper frame arc nveted with the exception of Part No. 
24 which is bolted to the mam frame. The principal weakness of this riveted 
dmgn is the lo^ of the monolithic construction obtained through arc weldmg. 

The three motor arms, Parts No. 3, and the tension rod pivot block. Part 
No. 7, are machined to shape from a solid block of steel and are bolted securely 
to either the upper frame or the motor feet The connections to the under" 
frame of the rail’way passenger car are similar to the connections described 
under the arc welded design. 

Table II gives a complete parts list of the riveted compressor suspension 


TABLE n— PARTS LIST, RIVETED DESIGN 


Part No. Description Number Required 


1 Main Frame Angle (Compressor side) . . 1 

2 Mam Frame Angle (Motor Support side) 1 

3 Motor Arms 3 

4 Motor Clip 1 

5 Adj. Tension Rod 1 

6 Tension Rod Pivot Pin 1 

7 Tension Rod Pivot Block 1 

$ Lord Bushing ^J"332 4 

9 Lord Bushing ^H'9002 2 

10 Super Oilite Beanngs ?JfS-1701"S 8 

11 Not used (Part of No 3) 

12 2^ Pipe Spacer 1 

13 Not used (Part of No 14) 

14 Motor Support Pivot Rod -and Cap 1 

15 Motor Support Pivot Rod Washer 1 

16 Motor Support Pivot Rod Cotter Pm 1 

17 Intermediate Support Angle 1 

18 Gusset Plate 1 

19 Not used (Part of No 20) 

20 Intermediate Motor Support ^ 1 

21 Motor End Cross Angle 5/16" x 2" x i'A" x 27!4" 1 

22 Intermediate Cross Angle 5/16" x 2" x 2J/^" x 27 1 

23 Compressor End Cross Angle 5/16" x 2" x 2I/2" ^ 27I/4" 1 

24 Intermediate Compressor Angle 5/16" x 2" x 3" x 25%" 1 

25 Compressor Spacer Blocks x 2" x 2^/2" ^ 

26 Tension Rod Pivot Pm Washer 1 

27 Tension Rod Pivot Pin Cotter Pin 1 

28 x 2" bolts, nuts and lock washers 2 

29 X Sj/z" Hi-Tensile bolts and nuts 8 

30 Tension rod nuts 3 

31 X 4" Frame bolts and nuts 6 

32 X 2" X 2" Spacer blocks 4 

33 X 2" X 2" Tapered Washer 4 

34 X 21/2" Bolts and Nuts 4 

35 Yi*' X 1" Button head rivets 38 


Determitiadou of Stresses in the Arc Welded Compressor Suspension — 
Railroad engineers are extremely cautious in the design of every detail con" 
nected with a railway passenger car. It was therefore necessary to study 
every feature of the design of the compressor suspension, due to the fact that 
a failure in one of its members, or m the connection between the suspension 
and the equipment fastened thereto might result in a serious railroad acadent. 
Liberal factors of safety were used throughout 

The following stress calculations were made to ensure that all members 
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and all connections had ample factors of safety to ^;^ithstand the loads that 
they are intended to carry while in operation 

(a) One member m which the stresses must be considered is the inter" 
mediate cross angle piece No 22 The deflection of this member is determined 
by considering it as a beam fixed at both ends with concentrated load not at 
the center. 

The origin of coordmates is taken at Point Y. The moment at any pomt on 
the left portion of the beam is — 

and that at any point on the right portion is 

Pbic 

Mb P(x-a) 

For the left portion of the beam — For the right portion of the beam — 


EI^ 
P dx2 

II 

El d2y 

P dx2 

bx 

L ■ 

- (x — a) 

El dy 

-5: + ^ 

lliL - 

bx2 

(x — a)^ 

P dx 

P dx 

2L 

2 

El 

.^ + c.x-c. 

El 

bx® 

(x— a)3 

P ^ 

P ^ 

6L 

6 


C1X + C4 


At the left end y = O, X = O, therefore C3 = O. 

The deflection under load for both portions is the same, 

ba* p baS (a — a)2 _ ^ ^ 

C4 = 0 

For the right portion of the beam y O where X — L 

6 6 


b3 bL 

^^-■6L “T 

The equation for the elastic curve for the left portion is, 

m _ bx3 bLx b8X 
P ^ 6L 6 6L 


and if X = A 


Pa2b2 


The slope equation for the left portion of the beam becomes, 

bx2 b8 6L 

P dx IL 6T. 6 
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Since the slope equals zero at the point which has a maximum deflection 


O 


bx^ hs bL 
2L 6 


fX vanes from O.5L to 0 , 577 L as b vanes from ~ to zero). 

Use this value of X m the equation for the elastic curve and the maximum de 

flection Y is. 


Maximum Y = (U —h^)V 3 (L2 b2) 


Deflection at the middle is given by: 


Yc 


^ flJ 
El \16 



Y = Deflection in inches 

P = 850 lbs. ( wt. of motor + wt. of compressor) 
b = 5^6" 

A = iiy/ 

E = 30,000,000 Ibs./sq. m. 

I = .45 
L = 23^6" 


850 X 5.682 

/'23.1832 

5.6822\ 

30,000,000 X .45 

V. 16 

12 ) 


Y = — .0141" (deflection) 

The maximum span = 360 X deflection: 

Max. span , « 

— == deflection 

= deflection = .0638" 

360 

Therefore the 5i^2x2}^" angle will withstand a safe load of 


.0638 

.0141 


X 850 = 3845 lbs. 


This gives a factor of 4.52 over the maximum allowable deflection for the spar 
in question. 

(b) The joining of Part No. 20 to Part No. 22 is made by a butt weld, furthei 
strengthened by means of gusset plate No. 18. One quarter inch fillet welds 
are used on all jomts, welds being made with diameter electrode, using s 
300''ampere arc welder. 

(c) Welding of tension rod pivot blocks to motor arm. 

The forces to be considered at this point are: 

W == Motor weight — 650 lbs. 

Wi = Motor pulley weight — 50 lbs. 

Ti = Tight side belt tension. 

T 2 ~ Slack side belt tension. 

P == Tension in adjustable tension rod. 
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Taking Moments about Motor Base Pivot 
(1) P X 8' + M X O = Tt X 10?^" 

Determine Tt as follows 

(,2) Belt speed = .162 X 5 6 X 1760 R P.M. = 2580 ft. per mm. 

/ ^ ^ ^ ..n 33.000 X 10 H.P. 

(3) E. - T. -T. - 

Where Et = effective tension 

( 4 ) ^ = 4.0 for V belt 
12 

Ti = 4 T 2 
Substitute in (3) 

Ti — T 2 = 4 T 2 — T 2 — 3 T 2 - 128 lbs. 

Ts = ^ = 42.7 lbs. 

Ti = 4 T 2 = 4 X 42.7 = 170.8 lbs. 

( 5 ) Ti + T 2 = Total tension Tt = 170,8 lbs. + 42.7 lbs. = 213-5 lbs. 
Substitute in (1) 

P X 8 X O = Tt X lOH = 213.5 X lOM - 2295 m lbs. 
2295 


P = 


8 


= 287 lbs. 


The tension rod pivot block is 2 V 2 inches wide and xs to be welded to 
the motor arm by J4''inch fillet weld by the shielded arc process One halTinch 
of this will be required for starting the weld, leaving a length of 2 inches of 
weld at top and bottom, or a total of 4 mches 

One lineal inch of J/ 4 unch fillet weld by shielded arc process has a safe 
allowable stress of 2500 pounds in shear 

Using a factor of safety of 10 due to vibration and shock set up in railway 
car equipment, each lineal inch would then have a safe allowable stress of 
250 pounds 

4 inches of J/^^mch fillet weld = 4 x 250 or 1000 pounds. 

The tension on the weld figured m (5) above is 287 pounds, thereby giving 
an additional factor of 1000/287 or 3 5 

(d) Welding of cross angles to mam angles at the compressor end of the 
suspension 

Two forces must be considered in the members at the compressor end, the 
weight of the compressor, which is 900 pounds, plus its flywheel weighing 100 
pounds, and the pull of the belt which is figured above in (5) as 287 pounds 
The former force acts vertically downward, while the latter acts horisiontally 


The four corners must resist turnmg moments equivalent to 22 inches X 
287 pounds = 6314 inch pounds and also hold the compressor weight of 1000 

j 1000 , 

pounds or — = 250 pounds per jomt. 

Length of }i'mch fillet weld required* 


S X 10,5 


6314 

4 


S — — 150 lbs. X 10 (shock factor) — I 5 OO lbs. 
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One Imeal inch of fillet weld == 25CX3 lbs. 

= .6 inches of weld per joint. 

25CX) 

Using a rigidity factor of 5 

5 X .6 == 3 0^ of weld required per joint. 

In making the welds at these joints l/^^inch electrode were used with a 
current of 190 amperes, a voltage of 30, a welding speed of 30 feet per hour, 
and It IS estimated that 2-pound of electrode were used per foot Only one 
pass was required for each fillet, all wields being made in the flat position 

(E) Strength of motor and compressor bolts 

Bolts used are parts No. 29 — ?^x3" high tensile bolts — 110,000 lbs, per 
square mch. Area at root of threads == .311 square mch. 

1 bolt == .311 X 110,000 lbs,/sq. in. = 34,210 lbs. 

Max, load per bolt = 150 lbs. in shear + 250 lbs. in tension (from above). 

Max. lead per bolt = \/(130 lbs,)2 + (250 lbs.)2 — 291 lbs. 

Factor of safety per bolt = = 117 which factor is far in excess of the 

shock safety factor required for safe railroad operation. 

The tensile strength and bolt dimensions were specified by the railroad 
engineers. 

Cost Estimate of Ate Welded Design Compressor Suspension — ^The 
initial order for these units was for a tnal Step-Modulated air conditioning 
installation on twenty-five passenger cars, and therefore our preliminary 
estimate is based on this small number (25 units) There is shown in Table 
III a cost estimate of the complete assembled arc welded unit; 


TABLE III— COST PER UNIT, ARC WELDED DESIGN, 25 UNITS 

Total Shop Cost 25 Arc Welded Units - $1161 73 

Shop Ck)st per Arc Welded Compressor Suspension When Made in Quantity 

Gross Weight of Material in 25 Arc Welded Units 4900 lbs 

Gross Weight of Material per Arc Welded Unit when made in Quantities df 25 196 lbs 


Through correspondence with the Association of American Railways, 
Washington, D C , it has been ascertained that there are today approximately 
47,000 railway passenger cars, including Pullman cars, in the United States, 
and approximately 6000 in Canada, making a total in the two countries of 
approximately 53,000 As all of these cars with the exception of the 87 cars 
now being equipped with step -modulated air conditioning are potential users 
of this improved system, and as inquiries as high as the equipment for 400 cars 
for one customer have recently been under discussion, it appears that within 
the near future it will be possible to manufacture these units in lots of 1000 
It also appears to be conservative accounting to amorti5;e the cost of the 
special dies, jigs and fixtures over a lot of 3000 units For the above reasons 
the cost estimate of the arc welded compressor suspension manufactured in 
quantity lots is based on lots of 1000, and the amorti2;ation of the tools, jigs 
and fixtures over a total of 3000 units 

Table IV gives cost per unit based on 1000 units 
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TABLE IV— COST PER UNIT, ARC WELDED DESIGN, 1000 UNITS 

Total estimated shop cost 1000 arc welded units $27,S97.65 

Shop cost per arc welded compressor suspension when made m quantities 

of 1000 27 90 

Gross weight of materials 1000 arc welded units 184,600 lbs 

Gross weight of materials per arc welded unit when made m quantities of 

1000 184 6 lbs 


Cost Estimate of Riveted Compressor Suspension: — ^There is shown in 
Table V the cost of the complete assembled nveted unit. 


TABLE V— COST PER UNIT, RIVETED DESIGN, 25 UNITS 


Total estimated shop cost of 25 nveted units $1,801 00 

Estimated shop cost per nveted unit when made in quantities of 25 72 04 

Gross weight of material m 25 nveted units 8,455 lbs. 

Gross weight of material per nveted unit when made m quantities of 25 338 lbs. 


Table VI gives cost per unit based on 1000 units. 


TABLE VI— COST PER UNIT, RIVETED DESIGN, 1000 UNITS 

Total estimated shop cost, 1000 riveted units - $45,013 03 

Shop cost per riveted compressor suspension when made in quantities of 1000 45 01 

Gross weight of material m 1000 nveted units 248,200 lbs. 

Gross weight of matenal per nveted imit when made in quantities of 1000 248.2 lbs. 


Proportionate Cost Saving of Arc Welded Design — study of the cost 
estimates of the arc welded construction as compared with the nveted con^ 
struction shown m the Tables results m the following comparisons 


Manufactured in Lots of 25 Units 

Shop cost of Riveted Unit $72 04 

Shop cost of Arc Welded Unit- — $46 47 

Estimated savmg per unit of arc welded con^ 
struction compared with nveted construction — $25 57 
Proportionate cost saving of arc welded construction (in 
percentage) over cost of nveted construction 35.4% 


Manufactured in Lots of 1000 Units 

Shop cost of Riveted Unit. $45 01 

Shop cost of Arc Welded Unit $27.90 

Estimated saving per unit of arc welded con^ 

struction compared with nveted construction $17.11 

Proportionate cost savmg of arc welded construction 
(in percentage) over cost of riveted construction..^ 37.9% 

As explained in detail under the heading “Cost Estimate of Arc Welded 
Design Compressor Suspension” we expect that future runs in the manu" 
facture of this product will be in quantities of 1000 units and therefore the 
proportionate cost savmg of 37,9 per cent resulting from the arc welded con" 
struction over the cost of nveted construction is Ae figure which will obtam 
m future manufactunng. 
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Estimated Total Animal Gross Cost Savings Accruing from the Use of 
the Arc Welded Design — ^The great industnal development which followed 
the first World War resulted m the early years in the development of the raih 
road passenger business to its peak, at which time there were approximately 
55,000 passenger cars, exclusive of Pullman cars in the United States. From 
that point on, the rapid development of the automobile industry resulted in a 
decline in the number of passenger railway cars, dowm to the present figure of 
approximately 39,000, exclusive of Pullman cars The railroads have now 
found a shortage of passenger cars, and have commenced a construaion prO" 
gram, and it is estimated that within the next few years we should reach a 
total of 44,000 cars By adding the 8000 Pullman cars in the United States, 
and the 6000 passenger cars in Canada, it will raise the total in the near 
future to 58,000 cars, of which only 87 are equipped with step^modulated 
air conditioning, and 12,887 with one of many types of air conditioning. 
Deducting these air conditioned cars from the estimated future total leaves 
45,113 cars which will doubtless be air-conditioned within the next few years 
During the present war crisis, air conditioning of passenger cars must be 
postponed temporarily, but it will be a useful and desirable improvement dur^ 
mg the immediate post-war years when capital expenditures will be sought 
to take up the slack durmg the shift from a war to a peace time economy. 

It IS assumed in these estimates that after the close of the war, the remain' 
ing passenger cars m the country will all be air conditioned over a period 
of five years, which will require the air conditiomng of 9000 cars per year, 
and it is further assumed that one'third of the necessary compressor suspensions 
for these air conditioning installations will be bmlt by the company with 
which the authors are connected, and two'thirds will be built by other concerns 
Based on the above estimates the total annual gross cost savings accruing 
from the use of arc welding by the company with which the authors are con' 
nected are estimated to be: 


Compressor Suspensions for 3000 Cars 

Estimated proportionate saving per unit of arc 

welded construction,, $17.11 each 

3000 cars per year 

Total estimated annual gross cost saving accruing 

from use of arc welding $51,330 00 


Estimated Total Annual Gross Cost Saving Accruing from the Use of 
Arc Welding by Industry in General — ^Based on the assumptions outlined 
immediately above, the estimated total annual gross cost savmg accruing from 
the use of arc welding by mdustry m general can be determmed by estimating 
that 9000 cars will be air conditioned per year, and that the saving per unit 
by the use of arc welding is $17.11; resulting m a total annual gross cost 
saving of $153,990. 

Due to the world war crisis of today it is impossible to obtain reliable fig' 
ures regarding railroad equipment for coimtries other than the United States 
and Canada, and although the authors recogni 2 ;e that there will eventually 
be great possibilities for air conditioning installations in railroad passenger 
cars all over the world, the estimates in this thesis are based solely on the total 
annual gross cost savings accruing from the use of arc welding by industry in 
general m the United States and Canada. 
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Increased Service Life Accruing from the Use of Arc Welding— The 
conditions to be met in the design of the compressor suspension were vibration 
and shock loads, both of which are present on railroad rolling equipment Severe 
shock and vibration tend to loosen rivets, and thereby shorten the service life 
of a riveted compressor suspension 

It IS the belief of the authors of this paper that the monolithic construction 
of the arc welded compressor suspension will cause it to last almost indefinitely 
if kept properly painted The wearing surfaces of the pivot and the tubular 
rubber mountings of the bolts will have to be repaired or renewed at infrequent 
intervals but the arc welded frame will last as long as the passenger car. The 
authors have had experience with riveted equipment used in connection with 
drop hammers, rock crushers and other installations where loads were mter- 
mittent, and vibration severe, causing nveted jomts to become loose in a few 
weeks They found it was possible to correct these dijfficulties by arc weldmg 

Increased Efficiency Accruing from Use of Arc Welding — ^The summary 
estimate demonstrates that the efficiency in the manufacture of the arc welded 
design as compared with the riveted design results in an annual gross cost 
saving of $17.11 per umt or $153,990 per year. 

The cost estimates of the arc welded design, as compared with the riveted 
design, show that there is a saving of approximately 6.6 man hours per unit, 
or 59,400 man hours per year by the use of arc welding. (Based on a saving 
of $5 28 in labor per unit @ 80 cents per hour ) 

Owmg to the simplicity of the arc welded design as compared with the 
riveted design there is elimmated approximately 5 8 machme hours per unit, 
or 52,200 machme hours per year, leavmg this machme time available for other 
work which cannot be so readily replaced by arc weldmg. 

Increased Social Advantages Accruing from the Use of Arc Welding — 
Economists the world over have for many years emphasized the importance 
to all mdustrial countries of the conservation of its raw matenals The arc 
welded design of the compressor suspension is not only stronger than the 
riveted design, but it also results in a saving of one^hundred pounds of steel 
per suspension. Based on the equipment of 9000 cars per year, this will result 
in the conservation of 900,000 pounds of steel per year. 

Safety to passengers has for many years been the governing consideration 
in all railroad design and construction The arc welded compressor suspen^ 
Sion, free of rivets which might shake loose under the shocks and strains of 
service, is considered safer than the nveted design. 

Some of the advantages of arc welding compared with riveting are: 

1. The formation of a monolithic unit with the resultmg greater rigidity 
and strength 

2. The elimmation of the expense of rivets, nvet holes and nveting. 

3. Elimination of the weakening of structural members caused by rivet 
or bolt holes, 

4. Reduction in the weight of most structures. 

5. Improved appearance. 

6. Reduction in cost of manufacture (in most instances) . 

The relatively low cost of steel and its high tensile strength, coupled with 
the great compressive strength of modern structural sections, of which the 
angle, the channel and the I-beam are the best examples, are the main reasons 
why the present era is known as the "‘steel age”. 

The mdmdual pieces of steel such as channels or I-beams are in themselves 
of little or no practical value, but when skillfully used as units of a completed 
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design the great modern bridges, buildings and other engineering structures 
are created to carry the commerce and house the industry of our civilisation. 

One of the most difficult problems in the design of steel structures is the 
connection of the various members one to the other, in such a manner as to 
develop the full strength of each. Riveting and bolting the members together 
has until quite recently been the standard, and in fact the only method em" 
ployed in the design of steel structures, until various types of welding were 
perfected shortly after the first World War. Electric arc welding is the 
leader in this new art, and today we see the arc welded ships, tanks, building 
frames, and countless other engineering structures replacing their riveted 
predecessors. 



Chapter VUI — Construction of Rail GrindiJig Car 
By J. C. Bowles, 

Superintendent of Equipment, TJic Community Traction Co., Toledo, O. 



Subject Matter; Passing through a period of repladng street 
cars with motor coaches and trackless trolleys, this company was 
the recipient of complaints of the noisy operation of those cars 
still in service, as a result of rail and wheel wear. The market 
price of rail grinding equipment being $40,000, this company, 
with the aid of the arc welder, mounted rail grinding equipment 
in an existing car and saved themselves over $10,000. Further, 
some $4,000 annually is saved as compared with the operation 
of their portable grinding equipment. Complaints from riders 
and residents in the vicinity of the line, decreased on the aver^ 
age, by 86%. 


J. C. Bowles 


During the past several years, our company, along with others of the 
transit industry, has undergone a period of transition, that of replacement 
of street car equipment with motor coaches and trackless trolley coaches. 

The design of coaches during this period has advanced from front 
engine, city type, to the rear engine, streamlined transit type vehicle, with 
all the features of attractiveness and comfort that are desirable on a modem 
public carrier. The coaches are more flexible in operation, they operate 
faster schedule speeds, and are considerably less noisy than the cars which 
they replaced. 

The comparatively few cars which are still in service have become a 
source of noise complaints from residents along the line as well as riders 
themselves. Even though the cars have been properly maintained, painted 
streamline, and lighted adequate for reading, the noise from the steel wheels 
on the rail remains the same. 

The problem of satisfying those complainants merely meant the reduc- 
tion of noise by more frequent grinding of car wheels and rails. However, 
our problem was one of additional rail grinding equipment for this purpose. 
The desirable equipment was on the market at approximately $15,000 for 
the rail grinder and an additional $25,000 for a car, making a total of 
$40,000. With our operation of less than 100,000 car miles per month, we 
began our thinking to develop a more economic means of grinding rail. 

It was in this fine of thought that arc welding appeared as a possible 
prime factor, as it had on many previous occasions, for construction or 
reconstruction of equipment in oirr shops. The idea of rebuilding an obso- 
lete wrecker rail car into a reciprocating rail grinder car at a minimum cost 
involved considerable arc welding. 

The construction was undertaken and completed in a period of seven 
weeks at a total cost for labor and material of $4,400. Of this expenditure, 
$4,120 was for construction and installation of the rail grinder, while the 
balance of $280 was used for reconditioning, lighting, and replacing of 
motor field coils such that the car could operate at very slow speeds. Since 
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Hg. 1- The siibject oi study. 

we had the car, we calculate our saving only on the rail grinding equip*' 
rnent. This saving, based on our construction cost of $4,120 as compared 
to the purchase of new equipment at $15,000, was $10,880 or 72.8 per cent 
of the cost of new equipment. 

Arc welding was used throughout the rebuilding process for the fob 
lowing numerous purposes making use of four types of welding rod: 

L Reinforcement of the framework of the car. 

2. Construction of two sets of framework for support and mounting 
of motors and grinding units. This was made of 3 "inch pipe standards, 
5^foot 2dnch channel iron cross members, and had brackets for bracing and 
attachment to the car frame. 

3. Construction of a housing to enclose the grinding brick boxes. 

4. Slide plates welded to the brick boxes. 

5. Brick boxes to accommodate four 2 "inch x 4'inch x 8"inch bricks, 
each in a separate compartment, were made by arc welding. 


Fig. 2. (Left.) Rcdl gdnder 
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6. Mounting brackets for air cylinder controlling pressure on grinding 
brick and on wedge block. 

7. Crankshaft made of 3dnch nickel steel shafting welded onto hot 
rolled plates. 

8. Turnbuckle eyes for motor adjustment. 

9. Slides for raising and lowering grinder units. These w^ere made from 
ZYl'inch. pipe and ddnch channel iron. 

10. Rail guide shoes, made from a section of street car wheel welded 
to lj/ 2 ''inch square steel. 

11. Facing of rail guide shoe wearing surface with tool weld. 

12. Brackets, braces, and platform for motor mounting. 

13. Making T irons for lifting grinder units with Sdnch air cylinder. 

14. Attachment of fittings to cooling water supply tanks. 

Photographs, Figs. 1, 2, 3 and 4 show the car and the rail grinder 

mechanism. 

Reference to the above items is made on Fig. 5 by encircling the item 
number, thus indicating where the welding waa done. 

The rail grinder when completed was equipped to grind two rails at 
the same time as the car moved along at any desired speed between the 
limits of standstill and 60 feet per minute. The reciprocating mechanism 
operated by electric motors allowed for the control of reciprocation speeds 
as desired— depending on the condition of the rail, the control of mechan- 
ism for each grinder being independent of the other. The pressure of the 
grinding stone on the rail is controlled by air pressure. The rail guide 
shoes ride the car rail during grinding to keep the proper alignment of 
the grinding brick on the rails. 


Fig. 4. Interior ol roil grinding cor. 
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Satisfactory and economic results obtained from the use of tbis rail 
grinding car are as follows: 

1. The rails of our car system may be ground as often as required, 

2. The annual saving by the use of this grinder as compared to using 
our former portable grinder is $4,014, based on grinding 30,000 feet of 
single rail per year. 


Cost analysis for 7«liour day: 


New Grinder Old Grinder 

125 ft. Double Rail 70 ft. Single Rail 


Labor $ 15.96 $ 14.77 

Grinding Brick 8.88 2.22 

Power Cost 2.64 .30 

Maintence ^ Depreciation 1.25 .12 


Total $ 28.73 $ 17.41 

Cost per 100 feet of rail 11.49 24.87 

Cost per year (30,000 feet) $3,447.00 $7,461.00 


3. The complaints of noisy cars from residents and riders have decreased 
beyond our expectation. After having the grinder in service for six months, 
our complaint records show a decrease of 86 per cent in the average number 
of complaints per month as compared to the previous twelve month period. 

In this instance arc welding made it possible for us to economically 
solve one of our problems in public relations. The actual value of benefit 
derived in this respect, of course, is incalculable; however, we feel that all 
efforts spent in maintaining good public relations pay dividends. 

It is our practice, because of experience, to be adequately equipped to 
handle the numerous welding jobs of a simple and complex nature which 
arise on our property. 

Equipment alone is not the answer to successful applications of arc 
welding. In addition to equipment, we have a capable welder who is 
capable because of his arc welding experience on a large variety of jobs, 
his ambition to keep up to date on the subject, and his eagerness to dem^ 
onstrate the economy involved by the many applications of arc welding in 
the transit company. 




Chapter IX — ^Fabrication of Steam Locomotive Cylinder 


By Carl Ray Averitt, 

Assistmt Blac\smith Foreman, Paducah, Ky, 



Subject Matter; Why fabricate a steam locomotive cylinder? 
The author states that not only is there a saving of $983.21 
per unit, but worn cylinders made of mild steel will be more 
easily machined when bushings are required. Further, should 
welding be necessary for repairs, higher quality work can be 
done, since cast steel often contains gas, slag and sand inclu' 
sions. Low carbon, open-hearth steel is selected for the purpose, 
free from seams and other defects. Each of the 129 parts 
of the entire assembly is then cut to shape and scarfed for 
welding with the torch. Steam-chest cylinder and mmn cylinder 
walls are then formed hot under the press. Parts, during welding 
assembly are held in place by spacers and brace bars. 


Car! Ray Averitt 


Steel plate construction and fabrication like many other production 
practices, has been subjected to intense study. And, as in other producing 
methods, there have been vast and important improvements. All along the 
American industrial front, many practices and methods which served in 
ordinary times are being replaced by newer and better ways, which provide 
the three important factors to modern production^ — maximum utility, con'" 
venience, and economy. 

Welding is definitely on the gain in the construction of bigger and 
better fabrications and especially so when so important a movement as 
National Defense is in progress. Not only are there more welds being made, 
but the technique and appliance has been rapidly improved. 

Our company has found it economical and in some instances, since the 
war began, a necessity to fabricate many of its locomotive and car parts^ 
since the manufacture of these type castings have been greatly curtailed. 
Several years ago this company found that there was really no end to the 
possibilities for cost reduction and product improvement with welding. It 
has in its continuous research found new discoveries in its welding applica." 
tion by which it is continually improving and modemiring its locomotives 
for higher speed and greater efficiency. 

The company is using on its modern locomotives the application of the 
welding process either in whole or in part of fabrications and repair work 
at a great savings, and only vital parts resgicted by various I.C.C. and 
A.A.R. regulations are exempt from welding, while the arc welding process 
is used to reclaim and repair main frames, smoke boxes, all kinds of spring 
and brake rigging, including equalhjers, hangers and brake beams, cast steel 
cylinders, draw bar castings and supports, deck castings, truck frames, pilot 
beams, couplers and etc., among fabrications used on these locomotives, we 
might mention the names of some that have been used since the beginning 
of arc welding on railroads, while others are newer and improved. A fev 
of the arc welded designed fabrications now in use are — air pump brackets, 
frame crossties, mechanical lubricator brackets, truck frames, pilots, cabs 
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Fig. 1. Cylinder walls bent to shape. 


pilot brackets, draw bar supports, engineers’ and firemen’s seats, steam pipe 
extensions, furnace bearers and pads, stoker troughs, stoker brackets, injec- 
tor brackets, spring seats, grate shaker lever fulcrums, grate supports, reverse 
shaft arms, reservoir brackets, whistle rods, grate straps and ash pan latches. 

In order to produce these fabrications to comply with the three factors 
of modem production, (maximum utility, convenience, and economy) first; 
the job to be made is given considerable thought and study so that as few 
parts may be used as possible, resulting in simplification and reduction in 
the amount of welding that may be done to produce the required strength 
and then prints drawn to conform with the results. Second; to select in 
advance sizes and types of material to be used. Third; si 2 ;e and kind of 
electrodes to be used in welding and,*Fourth; the selection of qualified opera- 
tors to perform the work with good equipment. 

All these factors were considered when it had been decided to build 
the most interesting of all welded fabrications in our shop, a one-piece 
locomotive cylinder, to which the following subject matter is devoted. A 
class locomotive was selected that was to pull a crack passenger tram at 
high speed. Drawings were made, either separately or in groups of each of 
the one hundred and twenty-nine parts to be used to fabricate the set of 
cy^linders. 

Material was selected according to I.C. specifications, sujes and kinds. 
A mild steel of low carbon content was used, metallurgically, a steel with 
an excellent weldability. As for all steel used by the company, certain 
chemical and physical properties were required. CJhemical properties, as 
follows: 

Carbon^ — ^not over .05 per cent 
Phosphorous — not over .05 per cent 
Sulphur — not over .05 per cent 
Copper — not less than .20 per cent 

5teel was to be made of open hearth process, free from seams and other 
iefects. Each heat or melt to meet the following — ^tensile strength, pounds 
per square inch, 50,000 to 62,000; elongation in 8 inches, per cent not less 
ihan 1^500,000 divided by the tensile strength. Test specimens must bend 
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either hot or cold through 180 degrees over a diameter equal to its thick^ 
ness, without sign of fracture and angles must open flat or bend shut, cold, 
without fracture. 

After the material was selected, it was then delivered to the shop and 
each of the 129 parts to be used was cut to shape and scarfed for welding 
by an oxy^acetylene torch operating on a pantagraph table. After the de^ 
sired plates were cut, the ones that required bending, such as the steam 
chest cylinder and main cylinder walls, were carried to a large hydraulic 
sectional flange press, heated, in a modern oil furnace and bent to shape 
by qualified blacksmiths and helpers, (See Fig. 1). 

To cut the various 129 parts at the torch and bend those that required 
bending ready for welding, was done by the use of 338.5 man hours at a 
labor cost of $257.24. The weight of the paaterial used was 12,921.3 pounds, 
and cost $941.07, The material was then transferred to the welding shop 
to be fabricated. 



Fig. 2. Welding ol cyllndoni. 


All business is made up of men, material, and methods, and men count 
the most. Your product may be planned scientifically perfect and your 
materials the best, but without qualified, forward men, your product will 
be a failure and cannot endure. Our railroad believes this and all welding 
is done by welders who have passed specified tests at regular intervals* 
These welding operators are coached and taught that the use of proper 
electrodes as to she, type and analysis and the proper technique is the 
answer to most welding problems. By ‘‘technique’'* we mean the type of 
joint, the current control and speed of welding, position of welding, deposi- 
tion of the beads, amount of preheat (if any) and the heat treatment after 
welding. 

After two welders for each of the three working shifts had been selected 
to fabricate the cylinders, the various parts were then set up and made 
ready for welding. Some parts required fabrication themselves before the 
complete cylinder could be set up, such as the cylinders proper and steam 
chests. Also welding was required on the inside of the fabrication before 
the final piece could be applied. Before these parts could be fabricated 
into the complete unit, a very important factor had to be considered in its 
set up. That of contraction due to heat set up by the welded metal dc- 




* 

Fig. 3, (left). Cylinders after welding. Fig. 4, (dght). Close-up view of welded parts on 

cylinder. 


posited. One-quarter inch was left to take care of the length and one^ 
eighth allowed in width of the fabricated cylinder which proved in the 
end, very accurate. These parts were also held in place by spacers and 
brace bars to withstand any strain of contraction or pull, so that when job 
was completed it would be in line. To eliminate as much strain as possible 
the fabrication was welded uniformly, thus causing the contraction to be 
equally divided, (See Fig. 2). 

To weld the complete unit, required 1,559.06 man hours (including all 
delays) at a labor cost of $1,402.18. (These figures for welding only). It 
required a total of 13,747 welding electrodes including three sues, % 0 , 
and % 2 , weighing 2,430.7 pounds at a cost of $148.32. Following is a 
table in detail of welding rods consumed: 


Si5;e 

No. Rods Used 

Wt. Lbs. 

Cost 

%2 

3,366 

336.6 

$ 21.03 


6,777 

1,093.0 

69.73 

]4 

3,604 

1 , 001.1 

57.56 

Total 

13,747 

2,430.7 

$148.32 


After the completion of the welding the important factor of stress re- 
lieving was to be next. The one piece fabricated cylinder in the rough was 
then transferred back to the Blacksmith Shop from where it had formerly 
come, in the form of 129 pieces, but now fused to a solid unit. It was 
placed in a modern six burner, oil burning furnace to be normali 2 ;ed at a 





286 


STUDIES IN ARC WELDING 


temperature of that all stresses and strain might be relieved and 

the fabricated mass would be a solid unit retaining equal grain structure 
throughout. 

From the normali 2 ;ing furnace it was then transferred to the sand blast 
and sanded and then to the machine shop where the finishing touches were 
to be added and the surplus stock removed. Fig. 3 shows cylinders in rough 
after normalisjing and Figs. 4, 5, 6, show close views of welded parts. Fig. 
7 shows the completed part after machining and Fig. 8 a drawing of the 
cylinder. 

To machine the cylinders for bushings, finish the steam chest, 
machine the smoke box saddle, drill and tap for cylinder head studs and 
machine cylinder head seats required 1,176.01 man hours including all 
delays, at a labor cost of $795.39. After the machine shop finished their 
job we had a completed cylinder, neat in appearance, strong and durable, 
fabricated and finished ready to go on locomotive at a savings of $983.21 
over the cost of a cast steel cylinder. 



Hg, 7. View of qrUnder after complotloii of machine work. 

Why Fabricate a Steam Locomotive Cylinder? — I have already given 
data above that would encourage this practice if nothing else were con-- 
sidercd. On the first set of cylinders to be fabricated, from the best of 
materials, a saving of $983.21 was made. Cylinders to be fabricated in the 
future will be easier. Prints have already been made and wc know what 
has been required to build the first one. Difficulties experienced can be 
overcome, and short cuts missed at first can be used. Many parts of these 
cylinders can be cut from small pieces that would otherwise be scrap. Weld' 
ing operators will be more familiar with this particular routine. All this 
will go to make even a greater savings. 

The future upkeep must also be given consideration, which cannot be 
added directly as a savings but indirectly is just as important, and in some 
cases more important than the savings made from just fabricating the job. 
When cylinders return to the shop with the locomotive for general repairs, 
the reclaim job can be done at a minimum. The cylinders will be more 
easily machined to refit bushings than cast steel walls. Probably nothing else 
in the line of repairs for the cylinders will be necessary. If, however. 




uonc with greater case, producing a higher quality weld. Ciisi 
often times conUins gas, slag uiuJ sand inclusions, thus it does not rci 
as readily to welding as a mild acci plate. These inclusions often 
protluce undesirable prupertics. 


We cannot determine offhand the length of service that these 
cated tyhnderi will j^ve a« the one now in service has only been 
short tame, but we do know that their life will be longer than cast 
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During the year of 1941, a total of 35 old cylinders wcic replaced by 
new cast steel cylinders at one shop alone If these had been leplaccd by 
fabricated cylinders, at a savings of $983 21 per unt, a total savings of 
$34,412 would have been saved. This is a sum that cannot be “snccijcd at”. 
This amount would have given one and one half locomotives a class No. 3 
repair and modernization It would have paid for eight and one h<iU new 
fabricated cylinders, or paid for 26,470 hours of welding 

No doubt but that in the near future all cylinders on our railroad will 
be fabneated With an encouraging savings on the lust one and gi cater 
savmgs on those to be made, and an increased durability ol the pioduct, 
fabneated cylinders are definitely on the gam 

In the end, whether it be with fabricated cylindcis on high-speed loco- 
motives or fabneated steel bodies for rail cars, it all sums up to the one 
now important phrase, quick and efficient transportation is the connecting 
Imk between war and victory — the railroads will keep ’em lulling 


Fabrication Data for One-Piece Locomotive Cylinder 
LABOR— 


Man Hrs. 


Cost 


Blacksmith. 

338.5 

$ 257.24 

Welding 

1,559.06 

1,402.18 

Machine 

1,176.01 

795.39 

Other 

9.3 

8.04 

Slinp F.yp 


763.51 

Total 

$3,082 87 

$3,226.36 


MATERIAL 


Welding Rod No of Rods Wt Lbs. Cost 

%8 6,777 1,093 ” $ 69.7^ 

V4 3,604 1,001.1 57.56 

%2 3,366 336 6 21.03 

Total 13,747 2,430.7 $148.32 

Steel used including two cylinder heads $ 762.91 

Oxygen used for cuttmg 16.65 

Miscl 13.19 

Total all material $ 941.07 

Total cost labor and material $4,167.53 

Total cost of cast steel cylmder. $5,137.55 

Total Savings $ 983.21 

Total weight of fabricated cylinder (Includes 
bushings and cylinder heads) 5,352 lbs. 


Section IV 
Watercraft 


Chapter I — Hidden Advantages of Arc Welded Ship Construction 
By Stanley A. Midnight 

A^sistmt Chief Draftsman, 

Amcfkm Ship Building Co.. Cleveland^ Ohio. 





Swhjcct Matter; The advantages of arc welding, as applied to 
ship conitruction, are not confined to reduction in costs. For 
exiunpic, with riveted conitruction, the hull friction may be m 
high M 14 per cent or even 22 per cent greater than for the 
welded shell. Again, insulation is more satisfactorily applied; deck 
coverings are not injured by underlying rivet heads which, even 
though countersunk, are objectionable; the design of ventilation 
ducts, plumbing and electrical fadlitics is simplified; and the difiGi^ 
euitia of constructing .masts and booms—espedally of small 
diameter— are diminished. Detailed cost analyses of a large 
number of items show a large advantage Is favor of welding 
iimounring in the aggregate, over the industry at large, to 
$600,000,000. Time is also saved. 


Practicatiy every shipyard in this country for the past two years has been 
engaged in the construction of vessels for our government. Due to the 
restricted and confidential nature of this work, publication of any details re- 
garding thew vessels is forbidden by the government. It is felt Aat even in 
die abknee of such a rule, as little information as possible should be published 
at this time. 

Ncvcrthelc!*, there arc many phases of ship construction which may be 
said to be typical for all vessels. These are the stimdardiaed small practices 
which arc in common use throughout the industry in the constructing of all 
types of ships, whether or not this construction be of a confidential nature. 

A paper dealing with some later developments in these processes divulges 
no information concerning any particular vessel or types of vessels and can 
be of no special value to our enemies. 

Rather, in the belief that a oontidcration of these developments may 
indicate many techniques that would make for a real savings in time, materials, 
and expense necessary to the victorious completion of out tremendous pro- 
gram, has this paper been prepared. 

The arc welding detigns given have been made and xiscd on the various 
ships which my employer has constructed durinjg the past two years. They 
may be aoplied to naval, maritime or commercial vessels. The costs of the 
redesigned arc welded d^ails wdl be craapared with the riveted details of 
former amstructitms. 

Tlje advwntagM of arc welding in tl» ship building industry are usually 
grouped* conveniently, into the one great advantage of weight reduction and 
its cawequent reductitm in co^. While this one advantage produces resute 
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great enough m themselves to justify the arc welded ship construction, it is 
by no means the only advantage worth considering. There are many others 
which, while not as great m themselves as weight reduction, collectively 
represent an advantage of equal, or greater significance 

In this paper, vanous redesigns wdl be detailed, followed by comparative 
costs of the riveted and arc welded constructions. As progress is made in this 
great field of arc welded construction, it is found that the arc welded designs 
should be made not only for strength mcrease and weight reductions, but ^so 
to permit better and less expensive installations For example, the installatioii 
of insulation or linoleum — a not inconsiderable item. Such advantages as 
these have been termed “hidden advantages” by the author. These numerona^ 
less important items, added together, produce results which heretofore have 
not had proper weighing when arc welding advantages were considered 

Advantages of Arc Welded Constructions 

I. Welded Shell Butts — Ships built of riveted construction generally had 
lapped plate seams and butts in the shell. The buttlaps, straps, and nvet heads 
contribute to the roughness of a vessel, increasing the friction of the ship. If 
this roughness is put m the form of a fraction of the total ship friction, 
authoritative estimates have placed the amount at from 14 per cent for a 
400''foot cargo vessel, to 22 per cent for a 900-'foot battle cruiser. 

The protruding edges of the shell butt, straps, and rivets are a major part 
of the roughness of the ship's surface The increase in the ship fnction due to 
these, has been conservatively estimated at from 7 to 10 per cent for the 
average vessels. Therefore, it will be assumed that the elimination of the shell 
plate buttlaps, straps and rivets will reduce the ship friction at least 7 per cent. 
Fig. 1, figures (a) and (b) detail a typical riveted shell butdap and strap 
respectively, while figure (c) details an arc welded butt joint. Note, for 
comparison, the simplicity of the arc welded joint as compared to the riveted 
one 


II. Insulation — In ship construction today, insulation is becoming more 
important and is being used m increasing amounts In the early days, decks 
were made of wood or were steel covered with wood Today, this construe^ 
tion has been largely replaced with steel decks requiring insulation below. 

Insulation material may be any one of many trade matenals, with cork 
and fibre glass the more common. The insulation is usually cemented directly 
to the steel. This requires cutting the msulation to fit between frames, deck 
beams, girders, and other stiffeners Covering the stiffeners themselves is 
usually too expensive, so the insulation is generally applied between the webs 
of the stiffeners In the case of the riveted construction (See Fig. 2, figure 
(a)) the insulation board must be coped out around the stiffener flange and 
rivets, involvmg considerable labor Fig. 2, figure (b) shows an arc Welded 
stiffener of a design which permits ready installation of insulation board, 
eliminating all copmg as required for the riveted design. 

Where insulation is applied between the riveted stiffeners, the board is 
often forced in place without being properly coped, thus effecting in the 
insulation board a tendency to spnng out from the wall. This practice results 
in the insulation commg loose at these points and in tune loosening entirely. 
An air space between the insulation and the steel permits the steel to sweat, 
dius allowing the water to gather and loosen the surrounding insulation. 
Insulation applied betweoti the welded stiffener having no tendency to spring 
loose, adheres to the wall v^ry well 



292 


STUDIES IN ARC WELDING 


To properly insulate, insulation must be applied over scams, buttlaps, and 
straps of the shell, decks, and bulkhead plating, as shown in Fig figure (a) , 
Again the arc welded design, as shown in Fig. 3, figure (b) cntiicly eliminates 
the extra expense of this application 

Many times it is desirable to stop the insulation short of a deck oi aiipotc 
or around a door Since these edges are vulnerable to damage, they aic sonie^ 
times protected by a heavy-gauge Zee bar, as shown in Fig. 4, figure (a) The 
2^e bar in former construction was riveted onto the shell, bulkhc<id or deck. 

The amount of work and procedure used in this installation ot the Zee 
bar is as follows* 

1 Zee bar is cut to length 

2. Rivet holes are punched 

3 They are then used for templates and holes drilled in the shell plate 

4 The holes must be countersunk from the outboard aide. 

5. The Zee bars are then bolted on, 

6 Rivets are driven requiring a 3 man gang, 

7 The rivets must be caulked 

8 The rivets must be tested for watertightness. Fig, 4, figutc (h) details 
and angle toed to the shell and welded thereto to replace the Zee bar. This 
angle is as efficient as the Zee bar as far as holding the insulation is concerned. 
Following is an outline of the installation work required to install an angle: 

1 Angle is cut to length. 

2 Angle is welded in place by one man. 

The two Items above compare with the eight items in the riveted con-* 
stmction The angle installed complete is no more work than the work of cut^ 
ting and drilling the holes in the Zee bars Items No 3 to 8 of the riveted 
construction are excess work compared to the arc welded construction. 

III. Deck Coverings — (a) Inside (Linoleum, Rubber and Compositions.) 

Deck coverings of linoleum, rubber, or compositions manufactured under 
trade names present similar problems to those encountered in applying in^ 
fiulations. Fig. 5, figure (a), details a typical installation of linoleum over a 
plate seam. In this case a hard filler cement must be applied to case off tlie 
joint to provide a relatively smooth surface. 

The rivet heads, although countersunk, are never flush and produce a con- 
dition very undesirable. The linoleum laid over the rivets tends to loosen 
because of the slight protrusion of the head Once loosened, the walking on the 
adjacent surface continues to break the adhesion between the linoleum and the 
deck, and in time much of the floor is loose, unsightly, and a safety hazard. 

A flush arc welded deck, as shown on Fig. figure (b), with butts ground 
smooth, forms a perfect base for the deck covering. An installation of linoleum 
as near perfect as possible is the result. 

(b) Shell or Deck Coverinp of Wood — On certain types of vessels it 
is necessary to sheath the shell or deck with wood. With a riveted ^ell 
and deck, the wood must be laid over the nvets, plate scams and butts. This 
requires fitting the wood over these obstructions. Fig. 6, fiigure (a) shows a 
typical installation of wood on a riveted deck contour. This fitting involves 
considerable labor expense. 

Fig. 6, figure (b) details an arc welded deck design fitted witib wood 
sheathing. Note the absence of special cutting and fitting normally required 
around the riveted joints. 

(c) Safety Treads— In passageways adjacent to doors, safety treads arc 
often placed to prevent slipping and excessive wear on the surface. Thm 
treads are fastened with flat head machine screws vvUck screw into the d^. 
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Since the deck is not thick enough to provide sufficient threads for the screw^ 
and since the connection must be watertight, round pads aic welded below 
deck into which the screws are placed 

Riveted construction, however, calls for a doubling plate, below the deck, 
nveted and caulked Normally, the ticads arc installed aflct the consti action 
of the boat is well along, and hence a condition similar to that of installing 
Zee bars is encountered 

IV. Ventilation — ^The increasing importance of adequate ventilation has 
brought about a great many installation problems The ventilating ducts must 
pass thiough watertight bulkheads and decks and there foie the duct itself 
must not only be watertight, but the joint at the bulkhead ot deck must 
be watertight 

This problem is usually met with the instalLition of a so called spool at 
the deck or bulkhead, made of heavier metal than the ducts Fig 7, figure (a) 
shows a spool of riveted construction. The woik involved in the installation 
IS as follows: 

1 Drill holes in bulkhead flange of spool 

2 Cut hole in deck 

3 Drill rivet holes in deck 

4, Ream holes 

5 Rivet (requiring at least 3 men and equipment) . 

6 Caulk rivets and flange 

7 Test 

The spool shown m Fig 7, figure (b), details the arc welded construction 
and the installation work is as follows 

1 Cut hole in deck, 

2. Weld spool in place (1 man) 

3 Test 

In addition to the reduction in the amount of work as outlined alxive, 
note the fact that one welder does the work of the three rivcteis, 

V Plumbmg“Fig 8, figure (a), shows a typical stuffing hox for a pipe 
passing through a watertight bulkhead ot deck for riveted construction. Note 
the two castings and bolts and packing required. Fjg. 7, figure (b), shows 
a pipe passing through a watertight bulkhead with arc welded construction. 
The construction is simple and inexpensive. 

The two constructions compare as follows: 

(a) Riveted construction. 

L Make patterns 

2. Purchase castings 

3. Machine castings. 

4. Make special bolts and nuts, 

5. Drill watertight bulkhead for rivets. 

6. Rivet casting to bulkhead (3 men required), 

7. Install packing and remaining casting and tighten bolts. 

(b) Arc welded construction. 

L Weld pipe to bulkhead 

In the above comparison, work common to both constructions such m 
cuttmg the hole in the bulkhead for the pipe and testing, 1ms teen omitted, 
VI, Electric^ Work— Piping and ventilating ducts must pass throufli 
watertight bulkheads and decks just as electrical cables must pass throng 
them. Again a stuffing box is used. However, for riveted construction tibii 
box must be riveted to the deck or bulkhead. This requires work similait to 
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Fig. 7 . deft). Detail Tenhlalion spool Rg. 8, (center). Detail, stuifing bo*. Fig. 9. (right). Wiraway details. 
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that outlined for stuffing boxes on piping Arc welded construction simplifies 
this construction both as to matenal and labor. 

In wiring a house, it is preferable to keep the wires between joists. The 
joists are drilled near the neutral axis and the wires pulled through. The 
advantage of this arrangement is that it protects the wiring and increases 
head room and clearances. 

In a ship the same problems are encountered, so that it is very desirable 
to have the wires not only protected, but out of the way, eliminating un^ 
sightliness. 

When holes are cut in beams or girders, they are necessanly weakened, 
and unless overdesigned to start with, they must be reinforced Here arc 
welding IS our handy remedy Fig. 9, figure (a) , details a wire way through 
a girder reinforced with riveted construction. Figure (b) shows the same 
girder reinforced with arc welded construction. Note first, the simplicity; 
second, the reduced amount of labor required for reinforcement, third, the 
finished job for desirability; and fourth, the appearance to the eye 

VII. Mast and Boom — (a) Mast Joint Riveted mast construction has 
always been very difficult and very undesirable for small diameters. In recent 
years, welding has been employed to a great advantage, but, like many recent 
arc welded designs, the fullest advantage of this valuable art has not been 

realised j i 

Fig. 10, figure (h) shows a recent arc welded mast joint detail. The 
joint was arc welded, but employed the use of a casting Fig. 10, figure (a), 
shows the detail of a mast joint designed by the author which is bemg used 
on ships now under construction The joint consists of an intermediate si5;e 
piece of pipe arc welded onto the smaller section of pipe and then inserted 
into the larger pipe where it is arc welded 

Here Ae author wishes to bring out the advantage of substitutmg pipe 
for a casting. The cost comparison already indicates the large savings possible. 
Arc weldmg permits these substitutions and it is this type of design which, 
when properly planned, produces the large savings 

(b) Boom Joint Boom construction is comparable to mast construction 
in that castings may be eliminated similar to the mast joint through the use 
of a pipe. 

(c) Shroud Pad Details Fig 11, figure (a), details a shroud pad attached 
to a mast The detail consists of arc welding a pad cut from a plate, into 
the mast. Fig 11, figure (b) details a pad of riveted construction. This pad 
IS a steel casting slipped over the mast and riveted to it To install this pad 
it is necessary to have a jomt m the mast close to the shroud pad so that 
the nvets can be dnven. 

VIIL Expanded Metal Construction — ^A former construction of expand- 
cd metal partitions, as shown in Fig. 12, figure (a) involved the protrusion 
of the mesh ends through the channel frame and bending them in place. This 
required the dnlling of many holes and insertion of the ends of the mesh 
through the channel, which is a tedious task. Figure (b) details an arc welded 
construction currently being used by the author’s employer After the frame 
is built, the mesh is inserted and tack welded. A very simple operation, when 
compared to the method used in the former construction. 

IX. Miscellaneous Deck Fittings, Bitts and Cleats — (a) Bitts. Fig. 13, 
figure (a) details a Bitt of cast steel which was riveted to a deck In order 
to obtain sound castings, the wall had to be made heavier than otherwise 
necessary. Figure (b) details a bitt made of arc welded construction built 
of pipe and plate. This bitt is as serviceable as the cast one and is of much 




Fi^, ID# Ddfl). DdtaUi# folni fig. 11, (ceniof). Datctil&# shfoud pad, Rg. 12, (righi). Detail, expcmded metaL 
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lighter con^mction. The comparative weights are 432 and 117 pounds for 
the cast and arc welded bitts respectively. 

In addition to the saving of the cost of the bitts themselves, the casting 
had l^cn nveted to the deck, while the arc welded bitt is welded down. 

(b) Cleats — ^Fig. 14, figure (a), details a cast steel cleat for arc welded 
<x>nstmction. Of course, the cast steel cleat designated for riveted construc- 
tion could be welded to the deck which m many cases was an intermediate 
step to proper arc welded construction. 

The base, however, adds no strength to the cleat and is nothing more 
than excess material which was required for meting and which is not required 
for arc welded construction. 

Cost Comparison — ^Figs. 1 to 14 detail vanous designs substituting arc 
weldmg for former types of constructions In some cases, the new design 
replaces a former arc welded construction, m others riveted construction, and 
in still others a casting replaces a former castmg 

Shipbuilding involves many trades and there is considerable equipment 
made in the sHpyard for the vessels. The usual method of cost accounting 
followed in the shipyards is to group the vanous items such as deck fittings 
Unless these items are purchased, there is no record as to the exact cost of 
a cleat, bitt, or chock for example. Therefore, to compare former construc- 
tions with new ones it is necessary to compute the cost from available cost 
figures. This method will be employed where necessary m this cost analysis 
or companson. Some cost figures are available and m these cases will be used. 

In an established shipyard, patterns for many standard fittings are available 
and where this is true, no costs will be included for patterns Where special 
patterns are required which will not be used agam, the cost of patterns will 
be included. 

The costs will be computed for a smgle item even though its use is re- 
peated many times For example, the pipe stufEng box may be used many 
times for each of the vanous si 2 ;es of pipe. 

Fig. 1 — ^Shell Buttlaps, Straps and Welded Butts — ^As stated in Item I, 
the ship's faction is reduced 7 per cent through the use of arc welded plate 
butts. This will permit a reduction in shaft horse power of that amount and 
still maintain the same speed A 7 per cent reduction in shaft horse power 
may reduce the cost of the power plant 7 per cent or more, depending on 
the particular vessel This gives a proportionate cost savings of 7 per cent 

Figs 2 and 3 — Insulation Details — ^The cost of applying insulation board 
over nveted construction is approximately $ 12 per square foot, while the 
reduction in labor involved due to the use of arc welded construction reduces 
this cost to $.085 per square foot. This gives a proportionate savings of 29 
per cent for this work. 

Fig. 4 — ^Insulation Details. 


Zee Bar per foot. 

6 Rivets 

Dnving 

Dnlling Holes .... 
Countersinking .. 

Bolting 

Caulking .... 


Riveted Construction Costs 
Figure (a) 




(g) $5.00 per C 
@ 2.50 per C 
@ 1 50 per C 

@ 2.50 per C 
@ .04 per ft. 


.05 

,02 

.30 

.15 

.09 

.15 

.04 


Total per lineal foot 


.$ .80 
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Arc Welded Construction Costs 
Figure (b) 


Angle - S# @ $ 025 $ 02 

Arc Welding 25^ @ .08 .02 


Total per Imeal foot $ 04 

Savings per lineal foot $ 76 

Proportionate Cost Savings 95% 


Fig 5 — ^Linoleum Deck Covering — ^Tbe elimination of the extra wor] 
involved in preparing the deck for la 3 nng linoleum has reduced the cost frori 
$3.00 to $2.25 per square yard, including the linoleum. Allowing for th 
cost of the Imoleum, the comparative costs of laying the linoleum would b 
$1 50 and $.75 respectively. This represents a saving of $.75 per square 
yard, or a proportionate cost savings of 50 per cent on the work of laying 
Fig. 6 — ^Wood Deck Covermg — ^Wood Decking or shell sheathing Iai< 
over riveted construction costs about $ 32 per square foot for mstallatioi 
of a decking 2 mches thick When the shell or deck riveted seams and butt 
laps are eliminated, this cost is reduced to $.25, making a saving of $.0’! 
per square foot or a proportionate cost saving of 22 per cent. 



Fig. 13. Deloll# 6>indi. bitt. 
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Fig 7 — Ventilation Spool Details 

Riveted Construction Costs 


Figure (a) 


Extra flange on casting 

Hi#: 

@ 

$ .15 



$1 65 

Machining 

1 hr 

@ 

1 12 



1.12 

Ri\ets 

....16 

@ 

.01 



.16 

Driving 


@ 

6 00 

per 

c 

96 

Drilling 


@ 

2 50 

per 

c 

40 

Bolting 


@ 

1 50 

per 

c 

24 

Caulking 


@ 

04 

per 

ft. 

, .12 

Total — 






$4 65 


Arc Welded Construction Costs 
Figure (b) 

Arc Welding 2 X 3' @ $.14 $ 84 


Savings $3 81 

Proportionate Cost Savings 82% 


Fig. 8 — Stuffing Box Detail — Since the stuffing boxes are made standard 
for the various site pipes, no allowance will be made for the patterns required. 


Riveted Construction Costs 
Figure (a) 


Castings 22 # 

Bolts & Nuts 

Packing 

Rivets 8 

Driving 8 

Dnllmg & Punching 8 

Bolting Up 8 

Caulking 2 5' 

Remaining Installation 


@ .23 $5 04 

84 
06 

@.43X 03 11 
@ 05 .40 

@ .025 .20 

@ 015 12 

@ 04 10 

85 


Total 


,$7 72 


Arc Welded Construction Costs 

Figure (b) , 

Welding 1 25' @ .10 $ 13 

Savings $7 59 

Proportionate Cost Savings 98% 

This saving is almost the entire cost of the stuffing box and installation. 
Fig. 9 — ^Wireway Details. 

Riveted Construction Costs 
Figure (a) 

Fabricating Plate 8 X U 3# X .10 $1.22 

Riveting Complete 10 @ .11 1.10 


Total 


,$2.32 
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Arc Welded Construction Costs 
Figure (b) 

Spool Casting 2:#r X 32 

Welding 2 X 1 5' X 10 


$ ,64 
,30 


Total 

Savings 

Proportionate Cost Savings 

Fig 10 — ^Mast Joint Details 


Former Arc Welded Construction Costs 
Figure (b) 


Castmg 

170# 

@ $ 16 

$27.20 

12" Standard Pipe 


@ 2 2? 

1.12 

10" Standard Pipe 

S' 

@ 1 64 

.82 

Total 



-$29.14 


.$ 94 
.$1 38 
.59% 


Present Arc Welded Construction Costs 
Figure (a) 

10" Standard Pipe. 92' @ $1 64 $ 1 51 

12" Standard Pipe 1,0' @ 2 25 2 25 

11" Ex Strong Pipe 75' @ 3 00 2 25 


Total $ 6 01 

Savings $23 13 

Proportionate Cost Savings. 79% 

Welding costs have not been computed, as they have been assumed to be 
equal, although the costs in Figure (a) would be somewhat less than for 
Figure (b). 
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Fig 11 — Shroud Details, 

Riveted Construction Costs 
Figure (b) 


Casting 154# @ $ .16 $24 60 

Machine work 5 hrs @ 1 12 5 60 

Riveting - ^-24 riv @ .11 2 64 


Total 

Arc Welded Construction Costs 
Figure (a) 

Shroud Pad Steel 42# @ $ .06 

Burning Hole in Mast 2 2' @ .08 

Weldmg 2 2' @ 92 


$32 84 


$ 2 52 
.18 
2.02 


Total - $ 4 72 

Savings - $28 12 

Proportionate Cost Savings - 86% 

Fig. 12 — Expanded Metal Detail. ^ 

Former Arc Welded Construction Costs 
Figure (a) 

Drilling Holes ^ Assembly per square foot $ 08 

Present Arc Welded Construction Costs 
Figure (b) 

Arc Welding $ 03 


Savings - $ 05 

Proportionate Cost Savings 62% 

Fig. 13 — ^Bitt Detail 

Riveted Construction Costs 
Figure (a) 

Casting 432# @ $ 16 $69 30 

Machining 4V2 hrs @ 1 12 5 04 

Riveting 8 nvets @ ,15 1 20 


Total ... $75 54 

Arc Welded Construction Costs 
Figure (b) 

Pipe 2 X 1 25' @ $1 27 $ 3 20 

Plate & Fabrication 47# @ 10 4 70 

Weldmg 18' @ 11 1.98 


Total $ 9 88 

Savings $65 66 

Proportionate Cost Savings 87 % 

Fig. 14 — Cleat Detail 

Riveted Construction Costs 
Figure (a) 

Castmg 15# @ $ .27' $4 05 

Machining hrs. @ 1 12 1.68 

Riveting 4 @ .11 ,44 


Total 


.$6,17 
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Arc Welded Construction Costs 
Figure (b) 


Castings 2 # @ $ .32 $ .64 

Welding 67' @ AS A2 


Total $ 76 

Savings $5.41 

Proportionate Cost Savings 88% 


Table I — Summary of Costs 


Fig 

Umt Cost 

Unit Cost 


Proportionate 

Former 

Present 

&Lvmgs 

Cost 

No. 

Construction 

Construction 

Savings 

1 




1 % 

29% 

29% 

93% 

30% 

22 % 

2 

$0 12/8q. ft. 

$0 OSS/sq. ft 

$0 035 /sq. ft. 

3 

M/sq. ft. 

OSS/sq. ft. 

. 035 /sq. ft. 

4 

.80/lin. ft. 

.04/lm, ft. 

.76/lin. ft. 

5 

1 50 /sq yd. 

75/sq ft. 

.75/sq. yd. 

6 

32 /sq ft 

25/8q. ft 

. 07 /sq. ft. 

7 

4 65 

.84 

3 81 

82% 

8 

7.72 

.13 

7.59 

98% 

9 

X32 

.94 

1.38 

1 59% 

10 i 

29 14 

6 01 

23.13 

79% 

11 1 

32.84 

4.72 

28 12 

86% 

12 1 

OS/sq. ft. 

03/aq. ft 

.OS/sq. ft 

<52% 


75 54 

9 88 

65 66 

87% 

14 i 

617 

76 

5 41 

88% 


Conclusion — ^Normally, one thinks of the advantages of arc welded ship 
construction as being hmited to increased strengths and a decreased hull weight 
which permits greater pay loads These thoughts are widespread and much 
effort and time has been devoted to the improvement of these design details. 

However, there arc other advantages such as the savings in machinery 
costs or the reduced installation costs of deck coverings or insulation. These 
additional savings are possible through the application of such arc welded 
designs as are outlined in this paper and have been termed "'hidden advantages'’ 
by the author. 

The cost savings have been summarujed in Table I for each of the various 
redesigns. As will be noted, the arc welded construction diows a propor^ 
tionate cost savings of from 7 to 98 per cent. Smce each of the various details 
are repeated many times over in a vessel, the total savings accruing from 
these designs amount to 2 V 2 vessel cost. 

There are many similar designs which, for the lack of time in preparing 
such a large project, have not been detailed. If these additions are induded, 
a total cost savings of about 8 per cent of the vessel's cost is possMe. 

Based upon the work under contract by my employer, cost savings of 
approximately $3,500,000 will be realizied ^ough Ae adoption of the arc 
welded constructions outlined in this paper. 

The total estimated cost savings accruing to the shipbuilding industry 
through this adoption of arc welded construction would amount to $600,- 
000,000 annually. 

In addition to the advantages already mentioned in this papier, there are 
many others which are as follows; 
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1. Arc welding constructions produce simplicity, which is modern and 
elimmates unsightUness, 

2* Safety hazards, such as icx>se linoleum on a deck are eliminated, saving 
life and expense. 

3. Increased service life is the result of better initial installations of deck 
covering and insulation. 

4. Less time is required for construction, which is very important at this 
time. 

Much progress has been made in the past, much progress is being made 
today, and more progress will be made in the future in this great field of arc 
welded construction. In fact, the improvements in ship construction have 
been so tremendous since the inception of arc welded construction that it 
might be said in conclusion that modem day ships could not be built without it. 



Chapter U — Quantity Production of Cargo Carriers 
By George W. Hawkins, 

Consulting Engineer, Anderson Tiichoh Associates, Boston and 7{ew Yot\ 



Subject Matter: This is a rather complete proposal for the 
establishment of a shipyard to build standardised 100% welded 
cargo carriers of any size up to 500 feet, in which the concept 
of prefabrication is carried much farther than in any existing 
yard. All curved plates are formed under the hydraulic press; 
frames are bent cold and cut to length, all parts, including sub" 
assemblies being made with sufficient accuracy to avoid fitting. 
A moving assembly line completes the picture of technique 
familiar in other industries (e.g. automotive) applied to ship 
construction. Savings of 37.5% of existing costs are claimed 
and a production capacity of one ship per shift anticipated. 


George W. Hawkins 


I, Summary — ^This paper presents general designs and estimates of cost 
and performance for a shipyard for producing cargo earners in quantity. 
The plant, as described and illustrated, is the result of an extended period 
of research by a group of engineers, naval architects, ship-builders, produce 
tion specialists, industrialists and others. It is of unique design possessing 
many characteristics and utilizing many methods and processes entirely 
foreign to the usual conventional shipyard. The pertinent facts are sum- 
marized as follows: 

(1) , Size of Ships— The plant will produce standarized welded cargo 
carriers in any size up to 550 feet in length. 

(2) , Prefabrication — ^The idea of prefabrication has been carried much 
further than in any existing shipyard. Complete keels and larger portions 
of completed bows, sterns, double bottoms, sides, bulkheads, decks and 
superstructures are prefabricated separately and simultaneously. These parts 
are made in sections weighing from 90 to 300 tons each. 

(3) , Prefabrication Space — ^This extensive and simultaneous prefabrica- 
tion requires an immense platen area — many times that employed in our 
most progressive present day shipyards. This large area has been subdivided 
and disposed so that each part is available where and when required for 
assembly into the complete ship, requiring minimum handling. The entire 
fabricating space is enclosed and roofed in order to facilitate continuous 
production and to eliminate unnecessary delays. 

( 4 ) , Warehousing— The warehousing arrangement is unique. Not only 
is the warehouse space far greater than usual, but it is arranged ^d 
equipped so as to make each piece of equipment and material and each kind 
of supply available just where and when they are needed. This calls for tJie 
separate storage of each kind of equipment, material and supply, and the 
segregation of these in the exact quantities required by the ship so that they 
will be ready for delivery to the ship exactly when required and with mini" 
mum handling. 
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(5) , Crane Capaaties — Crane capacities are greatly increased tlirougli' 
out all departments as compared to any existing shipyard. ^ These range 
up to as high as 300 tons depending upon requirements in each case. 
There are many cranes of 100 tons capacity. These crane capacities are 
necessary in order to handle prefabricated parts of the sizes contemplated. 

(6) j Plate Forming — ^All curved plates are cold formed and cut to 
exact size and shape by means of powerful hydraulic presses and steel 
dies. This is a far cry from the crude labonous methods in general use in 
the conventional yard. Plates are accurately and rapidly formed and cut 
by this method. There is little need, therefore, to compromise with the 
hull design m order to reduce cost or mcrease speed of production, because 
a ^ip of excellent lines can be built just as cheaply as one of square and 
triangular sections. 

(7) , Frame Forming — ^Frames are cold bent, notched and cut to length 
by hydraulic press and forms — a far quicker and more accurate method 
than that usually employed. 

(8) , Production Line — Ship erection is on assembly line instead of 
on the usual shipway, so that work is brought to the men instead of 
men to the work This means a highly trained force for repetitive opera^ 
tions with a consequent saving in man hours required No cutting or fitting 
is necessary on production line as all parts and sections are precision made 

(9) , Fixtures — ^All sub^assemblies as well as the ship on the main 
assembly line are built to an accurate system of steel fixtures so as to save 
time in assembly fitting and to insure accuracy of all parts and of the com^ 
pleted ship. 

(10) , Distortion Control — Unusual means are employed to minimize 
distortion of parts and of the ship due to internal stresses incurred while 
welding. Included among these methods is a system of cooling in such a 
manner as to confine the heated portions of the metal to minimum areas 

(11) , 100 Per Cent Welding — ^The hulls and superstructures are to be 
100 per cent arc welded No rivets whatever are used. Modem weld" 
ing methods and results make this plan feasible. This means a lighter fin" 
ished ship, greater cargo carrymg capacity and lower resistance (hence less 
power required) for a given speed Furthermore, the millions of rivets 
needed for large ships would slow up production to such an extent as to 
render impracticable a real production plan of this type. 

(12) , Complete Plant — ^The proposed plant will have facilities for the 
production of main and auxiliary engines as well as a certain portion of 
the required auxiliary equipment usually obtained from outside sources. The 
plant will be more nearly self"Contamed than any existing shipyard. It will 
produce its own forgings and gears and its own steel, iron, brass and alumi" 
num castings. In addition to the production portion of the plant proper the 
equivalent of 19 conventional shipways have been provided, most of which 
are available for use as dry docks. 

(13) , Launching — Launching is by means of electric locomotives and a 
system of locks instead of the usual launching ways. 

(14) , Completion Before Launching — Ships are completed and out" 
fitted before launching All parts of extenor and interior arc accessible 
until the ship is launched. There is no need for the usual drydocking after 
tnals 

(15) , Use of Scrap Metal — Scrap metal from shipbuilding operations 
will be used in the iron and steel foundnes, thus effecting a further mate" 
rial saving m cost and in time of construction. 
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( 16 ) , Incidental Facilities — ^Unusually complete hospital, first aid, locke 
rooms, restaurant and canteen systems are included. 

(17) , Plant Output — On the basis of three shifts per day and 36C 
days per year, the plant will have a capacity to produce 6,000,000 deac 
weight tons of shipping per year, or more if the sire of the ship is increasec 
beyond that used for comparative estimating purposes in these pages. 

(18) , Comparative Output — Compared with the proposed plant, th« 
conventional shipyard (based upon highly efficient management and the 
most modern facilities) would require not less than 290 shipways in ordei 
to produce the same 1156 ships per year of the same design. 

(19) , Investment — ^The estimated cost of land, plant and eqmpmen 
complete for the proposed production plant is $150,000,000. 

(20) , Comparative Investment — According to figures provided by the 
U, S Mantime Commission, the first cost of 290 shipways with the neces 
sary outfittmg docks, shops, warehouses, yard equipment, etc., would amount 
to $435,000,000, or nearly three times that of the proposed productior 
plant of equal capacity 

(21) , Saving in Production Costs — ^The production plant will operate 
at a great saving in cost of ships produced as compared with the cost oi 
similar ships built in the conventional yard. This saving will amount tc 
over $500,000,000 per year which is equivalent to over one-third of present 
cost. 

(22) , Savmg vs Investment — ^From (20) and (21) it follows that 
the proposed plant will pay for its entire first cost in savings effected in 
less than four months’ operation 

(23) , Other Types of Vessels — ^It will be quite feasible to produce 
naval vessels in certain categories, if desired, at comparable speeds oi 
production and at large savmgs m cost These could include submarines 
sub'chasers, corvettes and destroyers Tankers also could be produced read' 
ily m this plant. 

(24) , Time Required for Completion — ^Th^e plant can be in full pro- 
duction within twelve months from date of approval. 

II, Purpose — ^The present day conventional shipyard is the outgrowth of 
the experience of several hundred years It represents, probably, the best 
method of building ships for the conditions which brought about its develop- 
ment These conditions call for a plant capable of turning out an almost 
endless variety of ships, as regards size, type and design, to suit a long hst 
of requirements, and also to suit the personal whims of the ship owner and 
Naval Architect. The necessity of meeting these multitudmous conditions 
has brought about a jobbmg type of plant as contrasted to a production 
plant and this jobbing plant is charactenzed by all of the inefficienaes, high 
cost operations and slow speed of production which are inherent in othei 
jobbmg shops in all lines of manufacture. In fact, the size and weight of the 
ship structure, its complication and intricacy of detail and the waterfront 
conditions under which it is built have combmed to produce a particularly 
slow and wasteful method of manufacture. 

The World War has now changed conditions radically. The prime 
desideratum is not the building, by slow relatively wasteful methods, of 
every concavable size, type and design of ship, but it is the production oi 
the maximum tonnage possible in the shortest time and at the lowest cost 
The first obvious step in such a program consists of addmg to existing ship 
yards as many additional shipways, outfitting docks, shops, warehouses, dry 
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docks, etc , as conditicns will permit The second step is the establishment 
of new shipyards at such locations as seem feasible from physical, managenai 
and labor standpoints These tw^o steps have been taken already by the 
United States Mantimc Commission 

The purpose of this paper is to outline a further step which it is felt 
would be highly advantageous under existing conditions, and which would 
effectively supplement the steps already taken. This step consists of the 
building of a continuous production shipyard designed and equipped to pro- 
duce cargo-carriers or othei^types of vessels, if desired, in quantity, at a high 
rate of speed and at minimum cost Such a program calls for definite stand- 
ardi2;ation 



Fig. 1. General arremgetnent of uMprmd. 
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This paper describes and illustrates sucli a plant It presents estimates 
showing the investment required It indicates the rate of production to be 
expected It compares the cost of shipbuilding by present conventional 
methods with the cost of the finished ship produced by the proposed method 
The art of shipbuilding has continued for a long period of years m a 
static state. Until the last three or four years, very little m the way ot 
fundamental improvement either in equipment or method has been intro- 
duced For years this industry fought tooth and nail the application of arc 
welding to the construction of ship hulls and superstructures, in spite ot the 
known advantages of weight saving and lower cost of fabrication to be real' 
laed It was not until the last three or four years that this prejudice was 
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overcome, and as a matter of fact, it is not entirely overcome at this date. 
However, the adoption of arc welding to a var3nng extent by the majority 
of shipbuilders marked the first big improvement in shipbuilding m several 
decades and m turn made possible further improvements to follow. 

The next steps are just now in process of development. The foremost 
of these is a tremendous increase in the quantity of prefabrication The old 
time ^'fab shop'^ has been increased many fold both m size and number 
so that parts for a single ship can be fabricated in several places at one and 
the same time In this way a larger number of workmen can be employed 
on the construction of one ship than is possible where each piece is fitted 
on the ways, and in addition, the work can be performed in more convenient 
and satisfactory positions than are possible when working in the hull itself. 
Down welding is substituted for overhead and vertical welding The net 
result IS a further matenal saving m time and cost 

This expansion m prefabncation calls for a large increase in ground area 
per shipxvay so that the old time shipyard with its already crowded and 
inadequate shops and storage facilities is often physically unable to take 
advantage of the newer methods 

The next improvement sprang directly and naturally from the increased 
prefabricatmg faalities. This consisted of prefabricating larger and larger 
parts. This "‘before the ways” type of heavy construction is just now being 
evolved. In one western shipyard an entire superstructure is prefabneated 
and handled in one piece from welding platen to ship by a special 200 ton 
crane. Here again the old yard is handicapped by the relatively low crane 
capacities usually mstalled 

The production plant described herein utilises all of the latest develop" 
ments m shipbuilding practice and carries them to a much further point than 
has heretofore been done, and m addition new methods are described for 
still further reducing costs and mcreasmg production rates 

The data m this report are presented as a contribution which, it is hoped, 
may be one of the determining factors in the outcome of the present World 
War. 

Ill, Description of Plant — In general, the proposed plant consists of a 
production line upon which the ships are assembled, production departments 
and warehouses m which sections of the ships and equipment therefor are 
produce and/ or stored; a system of locks for the launching of the shipa and 
for the admission of outside ships to drydock for painting or repairs; ship" 
ways for the building of ships somewhat in the conventional manner; shops 
for the production of forgings, castings, gears, Diesel engines, piping, sheet 
metal work, fabricated parts and other equipment; miscellaneous buildings 
and equipment including power station, water supply, fire protection, com" 
pressed air plants, oxygen"acetyIene plant, paint shops, locker rooms, offices, 
hospital, cafeteria, gate houses, etc,; distribution systems for power, light, 
fuel, water, air, oxygen, acetylene, etc.; and the required roads, railroads, 
parking areas, wet docks, watch towers, fencing and other necessary yard 
improvements 

The general arrangement of the proposed plant is shown upon drawing, 
Fig 1, and sections through vanous portions of the plant are shown upon 
drawing, Fig. 2. 

Production Line — ^The production line is about 14,000 feet long. It is 
divided into two sections each of approximately the same lengdi. The first 
section starts at a series of shops where are produced trucks, carrying sad" 



SECTION IV— WATERCRAFT 


31 


dies, fixtures, and keels, and ends at a transfer table where the ship is trans 
ferred to the return production line This return line or second sectioi 
terminates m a system of launching locks 

The production line proper consists of seven runs of steel trackagi 
mounted upon reinforced concrete foundations which in turn are supportec 
by creosoted pihng. These tracks carry specially designed structural stce 
trucks, cath truck being 70 feet wide and 80 feet long earned on 56 wheels 
Several trucks are combined to form one structure, the number dependinf 
upon the size of ship being produced, and this structure moves along th< 
line continuously at a very slow rate of speed This rate will vary with thi 
length of ship being constructed, but generally will be such as to providi 
for the launchmg of one ship per day for ships 350 feet long, somewhat lesi 
frequent launchings for longer ships, and more frequent launchings fo: 
shorter ships. 

The ships are to be built by preasion methods to a ngid system oi 
templates and fixtures The fixtures are mounted upon the trucks and fonr 
a part thereof 

Shipways — ^Near the upper end of the production line adjacent to th< 
upper transfer table there will be located six take-off ways. The transfa 
table IS so designed that ships under construction reaching the upper enc 
of the production Ime may be transferred to the return line, or, if it ii 
necessary or desirable, to one of the six take-off ways. This feature adds 
a certain flexibility to the production line. 

At the lower end of the production line a transfer table is also provided 
which allows for the ship to go to one of three places- (1) to the launching 
lock where it is launched by a method to be described later, (2) to one of 
seven finishing ways where it may be stored while paint is drying or for 
any changes which may seem necessary, or (3) to any one of six ship-build- 
ing ways where it may undergo major changes if these are required This 
makes a total of 19 shipways where ships may be altered, repaired or biult 
by the usual methods; and where any ship, not required in sufficient quan- 
tities to justify cost of forms and fixtures, can be bmlt by conventional 
methods. 

Locks — ^There are two sets of locks, one set for the launching of com- 
pleted ships from the production line; and one set for the admission of out- 
side ships of any size or type, permitting such ships to be raised to the level 
of the shipbuilding docks and drydocked therein for required repairs. 

The two sets of locks are provided with centrifugal pumping equipment 
for filling and emptying the locks, one mto the other or either into the 
sea The complete operation of launching, mcluding time required for haul- 
ing ship and its supporting trucks into place m upper lock, closing of lock 
gates, floodmg with water until ship floats, towing ship to outboard end of 
lock, lowering water to sea-level, opening gates, and towing ship beyond lock 
gates, will require not over two hours 

Ship and trucks are hauled mto locks and handled therein by means of 
electrically operated locomotives running on gear tracks located on lock 
walls Gates and centnfugal pumps arc also electrically operated. 

Wet Docks — ^The waterfront is provided with over 6,000 lineal feet oi 
wet docking space 

Production Departments — ^The departments for produang sub -assemblies 
are located along the production line. Some of these including the bow 
assembly, the stexn assembly and the super-structure assembly departments 
are equipped with their own sub-production lines. The locations of these 
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Fig. 2. SecfioxuB Uurougli shlpycxxd. 


departments will be made plain by referring to the accompanying drawings. 
The si 2 ;c of each department is such as to provide for storage of steel plates, 
shapes, and other raw matenals and equipment, the fabncation of these 
raw materials into the part or parts desired and the storage of sufScient 
quantities of cut and formed plates and shapes and finished assemblies so 
that no bottlenecks will occur in the operation of the departments. 

It will be noted that the ships are assembled in relatively large pieces. 
The keel reaches the production Ime m one piece. The entire bow assembly 
is m one piece as is also the stem assembly These two assembhes are not 
handled by cranes in their completed state but are each built directly upon 
one of the 70 feet by 80 feet trucks. When each of these asscmhliVii is 
completed, it joins the main assembly Ime, the bow just forward of three 
trucks carrying the keel and the stem just abaft These five trucks are then 
coupled together so as to carry the entire ship. 

Forming — ^Hull and super-structure platmg, where curved, will be cold 
formed and cut to shape in hydrauhe presses over metal forms. Forming and 
ratting presses will be provided in each department where this work is to be 
done. Presses for hull plating will be equipped with platens 12 feet wide by 
40 feet long. 
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Double Bottoms — ^The double bottoms are fabricated into sections 70 feet 
to 80 feet long depending upon the size of the ship and wide enough to 
extend from the keel to the framing members of either side. Each half sec^ 
tion of double bottom is held in place on the production line by appropriate 
fixtures, where it is welded to the keel structure. It should be noted that 
the double bottom sections are complete with shell plating and tank-top 
plating. 

Sides — The sides are fabricated in lengths up to 100 feet and are com" 
plete with framing, web frames, stringers and outside plating They arc 
placed in position on the production line, held in place by a system of fibc" 
tures, and are welded to double bottom assemblies 

Bulkheads — ^Each bulkhead is fabricated into a complete structure mclud" 
ing watertight doors and frames, all stiffeners, etc. They are lowered into 
the ship where they are securely held in place by the system of templates 
mentioned while being welded. 

Stanchions and Girders — Stanchions and girders for supportmg decks 
are fabricated in the same manner, lowered into holds and welded in place. 

Decks — Deck assemblies are provided in lengths up to 100 feet and arc 
fabncated with deck beams, hatch openmgs, combings, scuppers, etc They 
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are likewise located and held by the system of fixtures and welded to the 
structure on the assembly line 

Hatch covers and hawse pipes are assembled and installed in a similar 
manner 

Powenng of Ships — The ships are to be powered by Diesel engines each 
equipped with its own self contained auxilianes. The selection of Diesel 
engine power is not a question of economics, but is brought about entirely 
by the necessity of obtaining maxiinuin installation speed on the assembly 
line. A complete Diesel engine plant of ample capacity for producing all 
main and auxiliary engines required for these ships is part of the plant, thus 
eliminating one major bottleneck to be found in all shipyards at the present 
tune. These Diesel engines may be of any type and make desired by the 
Commission They will be manufactured under a license agreement to be 
made with the present manufacturer 

Upon completion and testing, mam and auxiliary engines will be moved 
from the engine production plant to the mam and auxiliary engine depart^ 
ments adjacent to the production line, where they will be accurately mount-* 
cd upon steel foundations upon which they will permanently operate in the 
ship. Sufficient space in these departments will be provided so that each 
engine will undergo a run-in penod of 30 days before final assembly in the 
ship, after completion of which it will be lifted into the engine room where 
it will be rapidly lined up with propeller shafting in accordance with a pre- 
arranged system. 

Auxiliary machmery, such as vanous pumps, heat exchangers, etc , which 
cannot be mounted with the mam engme, together with the necessary piping 
all cut to exact length and bent to exact shapes will be provided from the 
last departments on the upside of the production line. 

Superstructures — ^From this point the ship moves onto the upper transfer 
table and under normal operation is transferred to the return side of the 
production line where the first operation consists of the installation of the 
midships and aft superstructures. Each of these superstructures is assembled 
m one piece (except in the case of ships of maximum site where the weight 
would be too great In such cases the superstructure would be fabneated in 
two pieces). These superstructures are taken from the production depart- 
ment sub-assembly Ime and hoisted into position on the ship by means of a 
300 ton overhead travelling crane. 

Additional Departments — Continuing along the return run of the pro- 
duction line, the ship is then provided m order with stacks and boilers; 
machine shop and crane equipment, ladders, gratings and railings; masts, 
booms and nggmg; tail shafts and propellers, rudders and steering gear; 
switchboard, batteries and wiring, concrete ballast; non-conducting cover- 
ing; lubneatmg oil equipment, winches and chocks; bits and capstans; ven- 
tilating equipment and ducts; plumbing; port lights and windows; lighting, 
wiring and fixtures; controls and instruments; wireless equipment; inter- 
connecting and manne telephone systems; engine room telegraph system; 
navigation equipment and search lights; anchors and chains; laundry and 
hospital equipment; deck sheathing; fore and aft armament; joiner Work; 
galley equipment, life rafts and boats; davits and operating mechanism; 
cargo lines and blocks; fire-fighting equipment; lubricating oil and grease; 
furniture; bosum’s stores; carpets and drapes; linen and blankets; galley sup- 
plies, silverware, glassware, and dishes; and miscellaneous stores. 

Painting — Each ship has three coats of paint before launching One coat 
of paint constitutes the final operation in each of the fabricating depart-^ 
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ments. After each section is welded in place on the ship, the weided icints 
and portions of the metal adjacent thereto are painted These operations 
constitute the fiist coat There are two paint shops located at convenient 
points on the return production line. Each of these paint shops provides one 
additional coat of paint during the construction period 

Handling and Erection — Necessary overhead travelling cranes are pro^ 
vided in each department and are of required capacity for handling the com- 
pleted sub-assemblies in each case There are a total of 300 cranes provided 
for all departments On the production line, the upper take-off ways, the 
lower take-off ways, the shipbuilding ways, and along the docks, revolving 
gantries are used Special 100 ton gantries are required for the heavier 
assemblies on the “up’' production Ime. 

The remaining gantries are of 50 tons and 35 tons capacity as required. 
It should be noted that no cutting or fitting whatsoever is done on the 
assembly line. Each sub -assembly is produced by precision methods and in 
accordance with rigid standards on a system of fixtures provided for the 
purpose in each department. 

Welding — Sub -assemblies are completely welded to ship structure on 
production line No riveting whatsoever is used 

Every possible precaution is to be taken against warpmg and distortion 
due to locked-up stresses These precautions will include carefully simpli- 
fied designs for equah^mg stresses as far as possible, the use of an improved 
weldmg technique; adequate water cooling of all members being welded 
so as to restrict heated portions of metal to minimum areas, the use of small 
electrodes, the use of reduced voltages, a carefully worked out sequence of 
welding, back weldmg, and reduced welding speeds Careful studies and 
research have shown that by the use of these methods, distortions can be 
practically eliminated but at the expense of a somewhat higher welding cost 
per foot But inasmuch as this higher cost of weldmg per lineal foot is 
usually more than overcome by the high cost of necessary flame straighten- 
ing where sloppy welding methods are employed, the net additional cost, 
if any, is insignificant It is therefore felt that the attainment of fair hull 
lines and superstructure lines without distortion is worth far more than any 
slight additional cost which may be involved 

Inspection — Rigid inspection is a necessary part of a plant of this type. 
Each operation is thoroughly inspected in the various departments and on 
the production line Any part or any sub-assembly not up to standard must 
be rejected before it reaches the assembly Ime Work on the assembly hnc 
must proceed under the most rigid system of inspection Tolerances m sub- 
assemblies can be held to 3^2 ^^ch 

Fabricating Shop — Passing now to the facilities for serviang the shipways, 
it will be noted, that a large fabricatmg shop is provided for supplying 
fabricated parts for ships being built in the conventional manner on any of 
the 19 shipbuilding ways The second floor over the fabneating shop is to 
he utilized as a mold loft 

Steel Foundry and Steel Scrap — ^The space between the fabricating shop 
and foundry is to be utilized for the storage of steel scrap from the various 
departments of the plant In most shipyards the steel scrap, which repre- 
sents a large percentage of the total steel used in ship construction, is wasted 
or disposed of to scrap dealers at an extremely low pnee per ton Some- 
times this price hardly justifies the cost of cutting the scrap into sizes and 
diapes required. In tie proposed plant all of this steel scrap will be used 
in a large foundry designed and equipped to produce steel, iron, brass and 
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aliimiaum castings The large steel castings required such as for anchors 
hawse pipes, stem frames, bits, etc , will consume a large portion of the 
scrap The remainder will be required for the smaller castings needed 
In a plant of this si 2 ;e, where the output will amount to one complete 
ship per day, foundry operation becomes necessary not for economic reasons 
but to help in eliminating other bottlenecks now present in all shipyards, 
V12;,: steel castings of the types mentioned and necessary gear and geai 
casings all of which will be made in the proposed plant 

Woodworking Shop — ^The two story wood working shop will be of 
ample capacity for the production and storage of patterns, joiner work, deck 
sheathing, etc 

Machine Shop — A well equipped shop will provide all necessary finished 
and machined parts except those for the Diesel engines which will be ma^ 
chined in the Diesel engine shop proper. 

Forge Shop — ^The forge shop will provide all forgings necessary 
Pipe Shop — ^The pipe shop will provide the piping departments at the 
upper end of the production line with the necessary flanged and screwed 
piping accurately cut, bent and finished to size and shape It will also sup^ 
ply pipmg for ship construction on the shipbuilding ways 

Tool Rooms — ^The central tool room will occupy its own building The 
management of this tool room will be responsible for all small tools and 
equipment used throughout the plant. It will have under its jurisdiction 
sub'tool rooms located throughout the plant at convenient points 

Riggers’ Shop— The riggers’ shop will supply the necessary fitted rigging 
with clips, rope thimbles, turnbucHes, shacldes, eye bolts, etc, for rapid 
assembly on the production line. It will also furnish the same items for 
ships being built or repaired at the shipbuilding ways or at the wet docks 
Sheet Metal Shop — ^The sheet metal shop will produce all sheet metal 
parts to templates for rapid assembly on the production line. It also will be 
equipped to produce any special sheet metal work required for any ship 
being built or repaired at the shipbuilding ways or at the wet docks. 

Dock Service Buildings — ^Four dock warehouses are provided for serv^' 
icing wet docks and shipbuilding ways 

Yard Equipment — ^The necessary yard equipment is to be provided con- 
sisting of Diesel locomotives and locomotive cranes, gondola and flat cars, 
stake body, dump and pick-up trucks, automotive equipment, caterpillar 
cranes, truck cranes, fire engines, hose and ladder carts, ambulances and tug 
boats 

Power Station — power plant having a rated capacity of 37,500 K.W. 
is located, as shown, together with the necessary fuel oil storage tanks. 

Miscellaneous Buildings, Etc — Garage buildings are provided for office 
cars and for trucks and other automotive equipment. Wash and locker 
rooms are installed adjacent to gates. The central hospital is to be located 
in the area shown and first aid stations are to be located at convenient points 
throughout the plant 

The plan calls for a safety department building, police department 
building, a fire department building and an employment office all located 
at convenient points. 

A separate maintenance plant for mechanical and electrical equipment 
will likewise be required as well as a main office building for administrative 
and executive officers and for the office force. 

A restaurant building will be installed together with canteens located 
at convenient points throughout the plant where hot meals can be served 
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to the workers A parking space sufficient for all employees as well as for 
visitors to the plant will be located on either side of the property as shown 
on the plans Numbered gates and time clocks will be located along each 
parking lot so as to give ready admission for workers to that portion of the 
plant where they are employed 

The plant will be provided with the necessary trackage to accommodate 
large quantities of raw materials daily required for every department of the 
plant, and for the interchange of equipment and materials between depart- 
ments and shops. Hard surfaced roads will also connect to various portions 
of the plant so that all buildings will be accessible both to rail and road 
equipment 

The entire plant will be fenced with ten foot wire mesh fencing as indi- 
cated on the plans. 

IV, Capacity of Plant — ^When this plant was laid out, it was intended to 
have a capacity of approximately 1,500,000 dead-weight tons of cargo ear- 
ners per year working one shift of eight hours per day. The actual yearly 
tonnage output will vary over a considerable range dependmg upon the spec- 
ifications of the ship to be produced and the number of shifts per day 
worked Under war conditions it is to be taken for granted that the plant 
would operate continuously and the following figures are therefore based on 
three shifts per day. 

It should be realized that the predetermination of the actual yearly out- 
put is a somewhat difficult matter. While the man hours required for each 
operation are fairly well established under usual conditions, the gains in 
efficiency due to bringing the work to the man and to specializing in repeti- 
tive operations cannot be accurately forecast. This has resulted in the 
assignment of space and labor for each operation undoubtedly m excess of 
actual requirements, especially after the workmen have been thoroughly 
trained in their several functions 

Typical Ship — ^In order to determine the annual output of the plant as 
nearly as possible, a typical ship of one of the smaller sizes was designed. 
This ship was kept as simple in design as practicable to facilitate production. 
The charactenstics of the ship selected are as follows 

Length over all 375' Draft 20' 

Length on W.L 350' Block Co-effiaent.... 75% 

Beam 50' Displacement, tons.-7,500 

Assuming a speed of 16 knots, slightly less than 4,800 shaft horse- 
power, are required. Two 2,400''horsepower Diesel engines were selected 
operating at 750 revolutions per minute with three to one gear reduction 
turning twin propellers at 250 revolutions per minute. Engines are located 
aft Each engine drives a 200 kilowatt generator, in addition to which, one 
250 kilowatt Diesel engine dnven auxiliary set is provided for port use. 
Auxilianes not included with main engines are installed on one flat and 
a small machine shop with crane on another flat. 

The ship is of two deck construction divided into four holds and tween 
decks and is provided with double bottoms of conventional design Two 
superstructures are provided, one amidships for officers quarters, wheel 
house, navigating bridge, etc., and one aft for petty officers, crew, galley, 
etc. Fuel capacity is provided sufficient for a radius of action of 10,000 
miles. 
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TKe calculated weight distribution of the vessel is as follows 

Hull and machinery (light weight) 4,636,000 lbs — 2,070 tons 

Fuel 600 tons 

Water 100 tons 

Crew and stores IS tons 

Cargo -4,705 tons 

Total dead weight .5,430 tons 

Displacement 7, 5 00 tons 

Rate of Production on Line — Each ship is mounted upon five trucks and 
travels on the production line at an average rate of approximately one foot 
per minute At this rate, one ship per shift or three ships per day would 
be completed and launched 

Allowing for the time required for truck, saddles, fixtures and keel 
assemblies, the time consumed in addmg bow and stern assemblies and their 
trucks, the time required on the production line proper, the time required 
in the upper transfer table and the time required for launching, each ship 
would be in course of construction for a total of 288 hours or 12 days. 

Ample labor has been assigned to the assembly line to complete the 
ship from sub^assemblies produced and from equipment stored in the 
various departments in a total of 10 days of 24 hours each This leaves a 
factor of safety of 2 days m the estimated time of completion of each ship. 

The various departments are proportioned and each is assigned sufScient 
man power so that all sub^assemblies for one ship are produced at the 
required rate, that is, three complete sets per day of 24 hours This high 
rate of production accounts for the relatively immense si2;e of the sub' 
assembly departments as compared with conventional practice 

Number of Ships Under Construction — ^The number of ships under con" 
struction on the production line at one time totals 28 It is possible to add 
6 ships on the upper take-off ways, 7 ships on the lower take-off ways and 6 
ships on the shipbuilding ways, makmg a possible total of 47 ships In 
other words, the number of ships being constructed at any one time in this 
plant when operatmg at rated schedule will vary from a minimum of 28 to 
a maximum of 47. 

Yearly Tonnage Output — ^From the above data the maximum estimated 
output of cargo earners of the design mdicated in terms of dead weight 
tonnage is as follows: 

From production line — 3 ships per day or 1080 ships 

per year of 360 days @ 5430 tons 5,864,400 

From 19 shipways — 76 ships per year @ 5430 tons.. 412,680 

Total yearly dead weight tonnage 6,277,080 

It seems safe to conclude that the proposed plant will have a capacity of 
not less than 6,000,000 dead weight tons of shipping per year In a plant 
of this type, with fixed space and facilities and a fixed number of hours per 
day, the production variable is reduced to the labor supply. The rate of 
production increases with the quantity of trained labor supphed until a 
certain maximum is reached Beyond this maximum, additional labor would 
be crowded into inadequate space resultmg in interference and loss of 
efficiency. At the capacity estimated above, ample room has been provided 
for all employees 

The other variable is the design of the ship being produced. It can be 
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shown, for instance, that the rate of production in dead weight tons in^ 
creases as the si5;e of the ship is increased up to the maximum size- pro" 
ducible m the plant. Likewise, the rate of production will increase in 
proportion to the simplicity of the design and as the speed and power 
decrease. For example, the yearly tonnage output of the plant when building 
Liberty ships — ^the so-called ‘‘ugly ducklings” — ^with their simplified design 
and slow speed would be greater than with the better designed and equipped 
and higher speed ships described 

Comparative Output — ^To equal the yearly output of the proposed pro-- 
duction plant, (ll^d ships per year) a conventional plant would require 
290 shipways and 150 outfitting docks assummg 60 days on the ways and 
30 days outfitting for each ship. This speed of production is possible 
although unlikely as an average It would require the best kind of organi2;a^ 
tion and the most modern prefabrication methods However, this rate has 
been assumed for conventional ways both in the proposed and in the con- 
ventional type of plant It should be noted that 290 ways is almost exactly 
equal to that part of the total present shipbuilding capacity of the nation 
engaged in the production of merchant vessels. 

If larger, simpler, slower ships were built (such as Liberty ships) fewer 
shipways would be required for a yearly output of 6,000,000 dead weight 
tons, but the output of the proposed production plant would also be sub- 
stantially increased. 

V, Weights of Structures — ^An interesting feature of the plant as de- 
signed has to do with the total weights and the equivalent specific weights 
which must be supported and moved The following figures are presented 
covenng these points All figures are based upon the typical ship described 
hereinbefore. 


Weight of ship 4,636,000 lbs. 

Weight of trucks 1,883,750 lbs. 

Weight of supporting saddles 624,000 lbs. 

Weight of all fixtures in place 1,250,000 lbs 


Total weight of any one structure 8, 393, 750 lbs 


The weight to be supported by the trucks (omitting the weight of the 
trucks themselves) amounts of 6,510,000 pounds The trucks for the de- 
signed ship will have an area of 28,000 square feet so that the weight 
to be supported on the trucks per square foot amounts to 233 pounds. This 
presents no mechanical problems as weights of several times this amount 
may be successfully handled at the slow straight line speeds required. 

It can likewise be shown that the total weight on each wheel amounts 
to 13 81 short tons per wheel. This likewise presents no mechanical problem. 

There are two beanng boxes provided for each wheel The bearings 
are 12 inches in diameter by 10 mches in length giving a projected area 
of 120 square inches per beanng or 240 square inches per wheel. The 
weight to be carried per projected square inch of beanng surface is, there- 
fore, 115 pounds. 

The weights to be carried by the transfer tables, wheels and bearings 
are even .more conservative because of the greater areas involved. As an 
example, the total weight on the transfer table is 161 pounds per square 
foot of table surface, the weight on the wheels amounts to only 7J/2 short 
tons per wheel, and the weight on the axle bearings amounts to only 62 
pounds per square inch of projected bearing area 
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VI5 Estimated Investment — Several factors influencing the cost of the 
plant are not shown at present because of the fact that the site has not 
been selected In preparing an estimate of cost it is necessary, therefore, to 
assume unfavorable conditions. In the following figures, such items as pih 
ing and foundation conditions, extent of required dredging, clearmg and 
grading of site, etc,, have been assumed to be unusually severe. The amount 
of land required to get the necessary size and shape of property is unknown 
as is the actual cost of the land. It is possible, therefore, that the actual 
conditions to be encountered at the site finally selected may not necessitate 
all of the work covered by the estimate and that the land itself may be 
obtainable at a much lower cost in which event a reduction in actual cost 
is to be expected 


An abridged estimate of cost follows. 

( 1) Plant site and yard improvements $ 20,549,000 

( 2) Buildings 52,746,250 

( 3) Cranes 7,890,000 

( 4) Machinery and equipment (production 

departments) 2,453,500 

( 5) Machinery and equipment (shops) 9,450,000 

( 6) Yard equipment 2,827,500 

( 7) Production line equipment 10,090,000 

( 8) Miscellaneous machinery and eqmpment.. 3,992,500 

( 9) Forms, templates and fixtures 6,550,000 

(10) Welding equipment. 2,965,000 

(11) Utilities - 5,425,000 

Suh-'total $124,938,750 

Engineermg services (5%) 6,246,935 

$131,185,685 

Administrative, office and miscellaneous expense 

dunng construction 2,000,000 

Diesel engine development prior to production — 750,000 

Traming of superintendents, foremen and leader^ 

men pnor to production 1,000,000 

Operation of the shipway prior to production 

(labor and materials) 1,500,000 

Design and development of standard ship 250,000 

Total estimated cost $136,685,685 

Contingencies (about 10%) 13,314,315 

Grand total $150,000,000 


VII, Cost of Production — ^In order to arrive at a relative figure show- 
ing cost of production both in the, proposed plaint and in an ordinary ship- 
yard, the typical ship descnbed in Part V has been used as a basis for the 
reason that preliminary designs are available for that particular ship. 

Fixed Charges — ^Fixed charges have been assumed at 33J4% of plant 
investment in all cases. This is made up of interest 5%, depreciation 20%, 
maintenance 5%, and taxes and insurance ’hYy%. In the case of the con- 
ircntional yard, the investment for ways, outfitting dodts, shops, ware- 
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houses, yard improvements and miscellaneous buildmgs and equipment bas 
been taken at $1,500,000 per way, and the output at four completed and 
outfitted ships per way per year. This calls for 290 shipways (allowing 
for only one spare) in order to produce the 1156 ships yearly. 

On this basis, the annual fixed charges will amount to $50,000,000 per 
year or $43,253 per ship for the proposed plant, and $500,000 per ship' 
way or $125,000 per ship for the conventional shipyard. 

Overhead — Overhead includes administrative and executive expense, 
office expense, stationery and supplies, rent, telegraph and telephone, mail, 
heat, light, traveling and miscellaneous expenses For the proposed plant 
this expense has been based upon a detailed analysis of the requirements and 
mcludes salanes for an office force of 400 employes The total overhead 
amounts approximately to $3,500,000 per year and therefore to $3,030 
per ship on the basis of an output of 1156 ships per year 

In the conventional shipyard the overhead would vary over a wide 
range with the sirje of the yard For purposes of comparison, a yard con' 
sisting of ten shipways, seven outfitting docks, and the required shops, 
warehouses, etc has been assumed as a fair representative plant Such a 
plant would call roughly on an executive and office personnel of 200 em' 
ployes. The total overhead should be not less than $1,000,000 per year. 
On the basis of an output of 40 completed and outfitted ships per year, the 
overhead would amount to $25,000 per ship 

Direct Materials — Direct materials amount to about the same for welded 
ships regardless of the method of manufacture, but for riveted ships the 
direct matenals are slightly greater because of the greater weight of the 
hull structure Indirect hull matenals and supplies, on the other hand, arc 
much less in the production plant. This results from '-the standardization 
of the ship, the large number produced from the same design, the better 
utilization of scrap and the greatly reduced power, oxygen and acetylene 
consumption per ship The estimated value of direct hull matenals is 
$300,000 for riveted ships and $270,000 for welded ships. 

Indirect Hull Matenals and Supplies — large saving per ship will be 
made here by reason of reduced power and acetylene consumption, use of 
steel scrap, and standarization of ship and processes. The estimated figures 


are. 

for conventional riveted ship $100,000 

for conventional welded ship 90,000 

for proposed plant 50,000 


Direct Machinery — ^There will be a decided saving in cost of direct 
machinery in favor of the production plant, as this plant will make a large 
part of Its machmery and equipment mcluding main and auxiliary engines, 
gears, forgmgs, steel and grey iron castings, brass and aluminum castings, 
etc The plant should be designed to produce whatever equipment will be 
required in sufficient quantities to effect operating economies In this way, 
there will be eliminated a large part of the machmery suppliers’ overhead 
and profit Incidentally, this plan will eliminate some of the principal bottle^ 
necks encountered in present day shipyards The estimated costs are 
$200,000 for the conventionally built ship and $100,000 for the production 
budt ship. 

Indirect Machmery — ^Hcre a small saving per ship will be made m favoi 


of the proposed plant. The approximate figures are — 

for conventional shipyard. ..$25,000 

for proposed plant — . — — 15,000 
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Labor — ^The biggest saving wiU naturally consist of the saving m labor 
per ship, both direct and indirect. 

The estimated personnel for the entire production plant, both direct 
and indirect (excepting the administrative, executive and mam office force) 
is as follows: — 

1st shift 2nd shift 3rd shift 

Production hne and departments 29,960 27,060 27,060 


General shops 6,964 5,360 5,360 

Diesel engine shops 2,844 2,644 2,644 

Cost department. 300 300 300 

Totals 40,068 35,364 35,364 


This represents a total plant payroll of 110,796. It should be noted that 
this number includes the necessary personnel for operating the production 
lines proper, all supplying production departments, the general shops, 
foundries, Diesel engine shops, all shipways, locks, power stations, yard 
equipment and all necessary miscellaneous labor Assuming an average wage 
rate of $1 00 per hour the daily payroll will amount to $886,368 per day, or 
$277,000 per ship. It should be noted that this estimate covers both direct 
and indirect labor 

For the conventional yard, the direct labor for the riveted ship is 
estimated at $400,000 per ship, and the indirect labor at $100,000. For the 
welded ship direct labor is reduced to $388,000 and indirect labor to $90,000 
Total Cost — ^Recapitulating the above the following figures showing 
total estimated costs have been determined: 

(A) Cost of production per ship for a conventionally built ship 
of nveted construction 

(B) Cost of production per ship for a conventionally built ship 
of welded construction. 

(C) Cost of production per ship for a welded standardi2;ed ship 
built m the proposed production plant 


ABC 

Fixed charges $ 125,000 $ 125,000 $ 43,253 

Company overhead 25,000 25,000 3,030 

Direct hull materials 300,000 270,000 270,000 

Indirect hull materials 

and supplies 100,000 90,000 50,000 

Direct machinery 200,000 200,000 100,000 

Indirect machinery 25,000 25,000 15,000 

Direct labor. 400,000 388,000 277,000 

Indirect labor - 100,000 90,000 


Total estimated cost..™..$ 1,275,000 $1,213,000 $758,283 

Savmg — ^This tabulation shows a saving per ship m favor of the pro- 
duction plant of $454,717 or about 37.5% of present costs If the con- 
ventional ways in the proposed plant were not used, the relative saving 
would be greater. 

The estimated yearly saving is equivalent to 1156 ^ps* @ $454,717 or 
$525,652,852. In other words, the production plant would pay for its 
entire cost in savings alone in less than four months operation. 
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VIII, Time Required for Construction of Plant — ^Under present con" 
ditions, the time required to complete the plant would be as follows: — 


(1) 

Plant site and yard improvements complete in 

6 

months 

( 2 ) 

Buildings erected in 

8 


( 3 ) 

Cranes erected in 

8 

T. 

( 4 ) 

Production department equipment 

8 


( 5 ) 

Shop equipment 

16 


( 6 ) 

Yard equipment 

4 


( 7 ) 

Production line equipment 

5 

11 

(8) 

Miscellaneous equipment 

.....16 

11 

( 9 ) 

Forms, templates and fixtures 

..... 6 

11 

(10) 

Welding equipment 

..... 8 

11 

(11) Utilities 

9 

11 

It will be noted from the above that the "‘bottlenecks” 

from 

a con" 


struction standpoint are shop equipment and miscellaneous equipment. 

The shop equipment causing the delay is that required for the Diesel 
engine shops. To overcome this potential delay in starting, it is proposed to 
contract with outside suppliers for Diesel engines for the first six months 
of operation of the shops. There should be no difiiculty in this because the 
first engines could be ordered a year ahead of required delivery, so that 
actual deliveries would be made from 12 to 18 months after date of order. 
This can be done. In the meantime, the necessary Diesel engine develop- 
ment work would be done and the plant placed in condition to operate as 
soon as the necessary tools and equipment were delivered. 

Under miscellaneous equipment, the delayed time for completion is due 
to the three 12,500 kilowatt steam turbines for the power station. All other 
equipment can be shipped promptly. This means that in selecting the site 
for the plant due consideration must be given to the power developing 
capacity, distributing facilities and existing connected loads of the surround" 
ing region. It is entirely feasible to select a site where the required power 
requirements can be supplied from an outside source until such time as the 
power plant shall have been completed. 

There is no reason why the proposed shipbuilding plant cannot be in 
operation within twelve months from date of approval and possibly some- 
what sooner in spite of the fact that probably delays in shipment of certain 
machine tools and steam turbines may delay the final completion of the 
plant for six months beyond the date of starting. 



Chapter lH — Small Boats Arc Welded 


By William Atkin, 

"Niaval Architect, At\in J^aval Architecture, Darien, 'Connecticut 


Subject Matter: During the last two years, increasing interest 
has been shown in small boats constructed of metal, the resistance 
of this type of construction to pounding on a rocky shore during 
a storm being noted. While the weight of the steel hull is about 
the same as wood, the former will not leak if properly welded. 
Various designs of small craft are briefly described, the author 
commenting on the erroneous tendency of builders to follow 
traditional lines, instead of designing especially for steel. Boats of 
the type described are best built upside down, the writer states 
and proceeds to give detailed instructions for fabrication. 


William Atkin 

With all too few exceptions, small yachts and boats have always been 
built from wood and most yachtsmen, being conservative, are not easily 
influenced by the many excellent aspects of metallic hulls. 

However, during the last two years an increasing number of inquiries 
have come to my office in connection with a proper design for a small boat 
to be built from metal, welded metal, galvanized iron, steel, bronze, and 
aluminum. 

Most of my clients are amateur boat builders. In recent years with the 
production of inexpensive arc welding outfits, the urge has come to build 
from wooden boat construction plans using metal in large pieces in place 
of the thousands of pieces of wood and fastenings that enter into the building 
of wooden craft. 

One of these amateur builders, Mr. W. I. Nichol, Saugus, Mass., has 
built two small boats adapted from wooden construction. One an IS^foot 
V^bottom auxiliary designed by the late C. D. Mower, the other a 23 "foot 
double^end V"bottom runabout from my design. For both these Mr. Nichols 
has great praise. Of the latter, he writes that in the, hurricane of September, 
1938, his galvanized Armco iron arc welded runabout, '‘'Needle”, was washed 
ashore before the great wind and tremendous sea, grounding among a forest 
of jagged boulders and small rocks making up the beach. Excepting for dents 
and scratched off paint the boat was undamaged structurally. Its motor and 
equipment were ruined with salt water corrosion. Shaft, propeller, strut and 
rudder were badly bent. Within a week, the iron^hulled “Needle” was about 
its tasks again, little worse for her violent experience. Every other of the 
dozens of small wooden boats that were washed adiore in the locality were 
smashed into kindling wood, and total losses. 

It is interesting to note that Mr. NichoFs runabout was. built from gab 
vanized iron, the decks approximately ^^"inch thick; sides and bottom plating 
approximately ^{o'inch thick. There are no frames, floor timbers, stem, stern, 
or keel in the construction. Deck beams are the only framing used and 
these are very light. 
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When completed and with same motor and equipment specified for tlie 
wooden hull, the little boat rested exactly on her designed water Ime indicating 
the construction in steel came to exactly the same weight as construction 
in wood The boat also made the speed specified for the wooden hull, which 
is of considerable interest. 

A metal hull will not leak if arc welded, and cannot sink if fitted with 
floatation tanks or water tight compartments These seem priceless advantages 
for the metal welded hull 

How long will a steel hull last plated with sheets less than ^-inch thick- 
ness? Given reasonable care, just as long as a wooden hull of similar char- 
actenstics I am reminded of this fact often having advised one of my 
chents not to spend good money on the conversion of a World War I gal- 
vani 2 ;ed iron life boat. That will have been 18 years ago. The old life 
boat IS still going. I am afraid I was taking too "seriously the advice oi 
conservative contemporaries. 

A year or so ago another client, Mr. Wayne Backus, Winniwicee, 
Washington, asked me to design him a 16Toot V-bottom runabout, the boat 
to be built in a small welding shop by an amateur builder. This boat was 
not an adaptation from a conventional wooden design. 

The hull was built from six sheets of Armco iron, the bottom and side 
plating being 12-gauge and the deck and bulkheads 14-gauge. Deck beams, 
tabs, etc. were made from cuttmgs from the side and deck plates. Four sheets 
for the sides and bottom were 24 inches and 36 inches wide respectively, 
while two sheets for the deck were 36 mches wide. All sheets were 17 feet 
long. The little boat turned out very well, performed exactly like the more 
usual wooden types. Like the two hulls built by Mr. Nichol, the 16-foot 
runabout was built without frames, keel, deadwood, clamps, knees, shelves, 
floor timbers, etc., parts which are always associated with the construction 
of wooden hulls. 

Early in 1940 I completed a third design for Mr. Nichol, this one a 
V-bottom auxiliary gaff-headed sloop 18 feet 9 inches over all, 17 feet 6 inches 
water line, 6 feet beam, and 3 feet draft. The breadth was kept to 6 feet 
because sheet iron of this width and 20 feet long was available. 

The design of the 17-foot 6-inch water line steel cruising sloop, (See 
Figs. 1, 2, 3 and 4) was made several months ago in anticipation of building 
the little ship for my own use after the war. Having been in the profession 
of naval architecture for many years, it seems certain to me that the only 
way in which “everyman’s” boat can be produced is to build it from steel. 
It IS impossible to build wooden hulls inexpensively. There are too many 
parts to be shaped and handled, and wood is too flexible to handle cheaply 
in forming the hull of so complicated a form as a boat. 

The trouble in the past in building small steel hulls has been that they 
were put together m the same manner as wooden hulls, and not in the 
manner of a tank or box. Therefore, with all the customary parts used 
in old-fashioned boatbuilding nothmg was saved in time and the completed 
hull was entirely too heavy. It is astonishing to me that so many moderate 
sized welded steel hulls are built today with so many xmnecessary parts — 
positively steeped in tradition both as to form and construction. 

My tabloid sailing boat has dimensions as follows: length over all, 19 feet 
8 inches; length water hne, 17 feet 6 inches; breadth, 7 feet; draft 2 feet 11 
inches. The freeboard at the bow is 3 feet 2 V 2 inches; at the lowest point, 
2 feet 2 inches, at the stem, 2 feet 4}4 inches. The displacement is 4,100 
poimds; sail area, 194.4 square feet; and ballast, all mside, 1,200 pounds. 
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And, by the way, this is my 490th design since going into business 34 years ago. 

If the war does not run too long I expect to put boats of this type and 
construction on the market in three si^es* 17 feet 6 inches, 22 feet, and 27 
feet water line. Arc welding and steel hulls will by then be easy to sell 
through the impetus given the trade by the thousands of vessels of all susos 
and types produced for the winning of the war. Skill in arc welding will 
be common knowledge to hundreds of thousands of workmen before that 
glad date is crossed off the calendar. 



It is difficult for the layman to reali 2 ;e that a hull plated with H-gauge 
rolled steel will weigh about the same as a hull planked with three layers 
diagonally of a total Sickness of V/s inches of white oak And this would 
be considered exceedingly heavy for a small boat like the subject of this paper. 
If bmlt of weldwood this tbckness floor timbers, strmgers etc, would be 
unnecessary deadwood. But one cannot built a boat with weldwood without 
stringers, keel, chine pieces, deadwood, and all the parts that make up the 
hull of a wooden boat. Only the fittmg and forming of frames is saved m 
plywood hulls, and the plywood must be screwed or glued to something to 
maintain its position and shape. And then, of course, there are thousands 
of wood screws or copper rivets to be bored for and driven before your 
wooden hull is completed, a time-consuming job. 

Items to be made, handled and fitted in wooden hull of this type and size 
are: 30 planks. 28 battens. 42 deck planks. 2 pieces canvas with glue and 
tacks. 1 keel. 3 pieces deadwood with 26 bolts 3 pieces in stem. 11 pieces 
in stem. 2 clamps. 2 shelves, each made from two lengths. 3 knees. 24 
chine knees. 2 rabbeted chine logs 48 bolts in keel, stem, stem assonbly. 
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12 floor timbers 16 butt blocks. 7 doublings. 5 pieces in rudder. 18 deck 
beams and headers. 6 pieces half round sheer mouldmg, plus 3,230 fastenings 
of five different si2;es with wooden plugs to cover countersinks over heads, 
making a grand total hull lumber and fastenmgs, 3,495 pieces not including 
boat plugs which will come to at least 1,200 more. 

Items to be cut, handled and fitted in arc welded steel hull of similar size 
and type to above are: 2 pieces 36 inches by 20 feet 12^gauge plate for sides; 
2 pieces 40 inches wide by 20 feet long ll-'gauge plate for bottom; 2 pieces 
36 mches wide by 12 feet long ll^gauge plate for skeg; 2 pieces 40 inches 
wide by 20 feet long 14-gauge plate for deck; 1 piece 52 inches wide by 10 
feet long 12-gauge plate for cockpit bottom and sides, 1 piece 20 inches wide 
by 6 feet long 12-gauge plate for rudder, 1 piece 36 inches wide by 5 feet 
long 12-gauge plate for stem; 34 deck beams and headers made from scrap 
from side plating, 12-gauge plate, l^/i inches and 1-mch respectively; 4 butt 
plates under center seam m deck, making a total of 48 pieces required 

The above tabulation concerns the hull only with rudder. However the 
interior fittings and ng in either wood or steel hulls will require about the 
same matenals and time to complete 

If only one hull is considered, it should be built over wooden forms made 
in the same manner as for wooden boats Use spruce about 1 ]/^ inches thick 
for the forms and brace well both to floor and to each other. If duplication 
IS required in quantities it would be best to build the form from steel plates 
and shapes. A form must be made for each of the stations shown on the 
drawing of the Imes. And the lines should always be drawn, (or laid down) 
full size. Too much care cannot be given this part of the work. 

Since there is no keel in this type construction the forms should be set 
up upside down, that is with the deck down The simplest way to do this is 
to set up blocking for each station so that the tops of these form the sheer 
line in an upside down position. Set the blocks at convenient height to work 
comfortably. Raise the forms sufficiently high from the floor to allow for 
a strong batten 6 or 8 inches above the line of the sheer. This will give better 
working room in fitting the plates Also run battens let in flush, two each 
side for both bottoms and sides. These will brace the forms. Fasten with 
wood screws. 

It IS good practice to saw a piece of plywood to the curve of the 

keel and stem from station 2 forward as a guide or pattern for cutting and 
fitting the forward ends of the side and bottom plates. This should be placed 
about IV 2 inches abaft the cutwater of the stem; it will be mside the hull 
when the plating is on, 

V bottom models with straight sections are ideal for building with welded 
steel. One bend only is required of the platmg and none will have to be 
furnace heated and rolled and hammered into place. You will notice there 
are dotted lines indicating slight convex below the chine at stations 1, 2 and 3. 
The steel will take this form naturally and the sections will appear to be 
perfectly straight. This is the way it is intended. 

V bottom models are also excellent performers in rough water and equally 
as fast as round bilge craft, provided, of course, that the design is of correct 
form for both types. 

The topsides of the sailing boat will be made from 12-gauge steel plate. It 
can be had in a single piece. If butted plates are needed see detail for this 
joint on tibe constmction-cabin plan. For the amateur builder, it may be well 
to mention that plating of this thickness must be cut with power shears or 
with the welding outfit. Sl:^ars will be best, I feel, for this particular work. 
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The surest and best way to obtain the exact shape of each plate is to make 
patterns from hard strong cardboard. Since both sides of the hull must be 
alike, pattern should be made for one side only. Lay pattern on the plate 
with colored penal or scnber Mark the position of each form. Bore holes 
for wood screws along the sheer edge of the plate and at the edge of the chine 
at each mould. Also bore holes about 5 inches apart along the stem approxi^ 
mately 1 inch abaft the cutwater, also at the top and bottom of the stern end 
of the plate. One-quarterdnch bolts and screws will be inserted in these to 
hold the side plates in correct position until welded together Clamps can 
be used here to advantage also All the plates will have square edges, tops, 
bottoms, and ends, no bevels required. In welding, the welding rod will build 
up a neat rounded bead, entirely filling the seam or joint between the plate 
edges 

Both halves of the bottom plating will be treated in the same manner 
and will be made for the same thickness steel plate. 

The stern will be made from 12-gauge plate and will be temporarily fastened 
with screws, bolted and clamped m exact position, then arc welded to the 
sides and bottom. Leave all edges square in same manner as on sides and 
bottom platmg 

If welding is neatly and properly done it will be best to leave joinings 
in natural state without grinding or filing smooth. The scale left by tihe heat 
will rust much less than bright surface. 

Cementing and painting will form a very smooth and fair surface and the 
beaded comers of chines, cutwater, and at the stern will look business like 
and neat It may be well to mention that a steel hull should not be painted 
with the usual copper anti-f ouling compositions used so successfully on wood^ 
en hulls, so do not use any pamt that contains copper, aluminum or brass. The 
finest quality red lead in oil is best for priming coat, and apply two thin 
coats rather than one thick coat slapped on m a hurry, followed by at least 
four coats of gloss outside yacht paint Anti'fouling white composition will 
be best for underwater portions 

Deck beams will be made from 12-gauge plate. Those of the main deck 
will be IV 2 inches deep and will be spaced on every station with one between. 
The crown of the beams will be 2 inches in a length of 4 feet. The ends of the 
beams will be arc welded to the mner face of the side plating at the sheer. 
Hatch headers, cabin house carlmes, cockpit floor beams will be of the same 
dimensions. 

Cockpit floor and sides with cabin sides and ends will be made from 
12-gauge plate, also cockpit coamings Floor of cockpit is flat and the beams 
should extend full across the hull having ends welded to side plating 

The deck will be made from 14-gauge plate. It will be difficult to get 
plate in this thickness 7 feet wide and so it will be necessary to run seam 
through the middle line of the deck. Use corner weld for fastenmg deck to 
side plating and spot-weld deck from under side to deck beams. Cabin house 
top will be made the same but the beams here will be 1 inch in depth and 
set on 12-mch centers 

The sides of the open skeg will be made from 12-gauge plate and formed 
and fitted to hull as clearly indicated on the plans. 

Rudder will be 12-gauge plate It would be well to fit cheek pieces made 
from white oak each side the rudder head to give it thickness to support the 
taller which will be 1% inches thick. Then the side plates on tiller that form 
the hinge will exactly span the rudder head and form a very solid fitting. 

It being impractical to finish the interior in steel plate it will be necessary 



STUDIES IN ARC WELDING 





SECTION IV—JrATERCEAFT 


331 


to weld tabs made from 14^gauge plate to give attacliment places for tte 
vanoos wooden members of the joiner work. Through^bolt wood to the tabs 
wherever possible Then everything can be removed if it is ever necessary 
to repaint the mterior or chip off scale. But this operation will be a long, long 
way down the wind if the boat is half way cared for. One half 'inch thick 
weldwood is excellent material for constructmg the interior joiner work. 

And there we have the hull for a very nice httle cruismg boat. 

Ballast will be cement loaded with scrap pieces of platmg 
The cabin is designed for two, and has everythmg needed for comfortable 
living and sailing Provision is made for installation of £nmp water closet 
if this IS needed One cannot expect full headroom in a small boat like this 
and so long as there is full sittmg up headroom the cabin will be found to be 
snug and homelike. And whatever the weather outside, you can be sure the 
decks and arc welded steel hull will be absolutely watertight at all times. This 
IS a comfort in any type cruising boat. 
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Fig. 4. Offset table. 

The ng is the accepted type today with tall mast, and short foot, altogether 
proved and accepted as efficient as the ng for a small sailmg boat can be. 

The time required for buildmg the hull with decks, deck house, cockpit, 
hatches, compamon slides, ballast, toe rails, and rudder of a standard type 
wooden hull of 4,100 pounds displacement will be very close to four we^ 
with two experienced boat builders, or approximately 384 hours, provided 
the materials are first class and proper power tools available. At 80 cents an 
hour this is $307 00. 

First class boat building lumber for the hull as above will cost at retail, 
$210 00, fastenings, caulking cotton, boat plugs very close to $40 00. Thus, 
the hull complete, $250, with labor, $547. 

The hull completed represents very close to 2/5 ths the cost of the whole 
outfit, joiner work, fittings, spars, rigging, sails, and painting will bring the 
complete boat to a figure of $1,365. And this will be a good average price 
m normal times for a boat builder with a good reputation for good work 
and materials 

The time required for building an arc welded steel hull of the same 
displacement and model will be very close to ten days with two experienced 
steel boat builders and welders, or approximately 160 hours, providing the 
steel plates were of specified sues and proper tools were on hand to produce 
the work. At 80 cents an hour this is $ 120. 

The steel plates for the hull completed to th^ same point as the wooden 
hull will cost $136 including welding rod. Electric current will add close 
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to $20 at local rates. Thus, the arc welded hull complete with labor, would 
cost $276. 

The boat completed then with arc welded steel hull and equipment exactly 
the same as the wooden boat above will have a cost of $1084, a saving of 
$271 or slightly less than 20 per cent. 

In the plans, the conventional symbols for welding have been omitted 
as being of little use to the amateur welder, and the professional welder will 
consider the job a simple straightforward bit of work that can be done 
blindfolded. 

From the aboye one can see the possibilities of great savings in labor and 
materials if small simple boats are built from steel arc welded. 



Chapter IV — Welded Steel Boat Design 

By Lieut. Junior Grade, H. S. Knerr, 

U. S. 7<icLvy, l<lavy Yard, Portsmouth, N- H. 


Subject Matter: Not satisfied that yachts of less than 80 feet 
in length are necessarily heavy and impracticable when built of 
steel as compared with wood, author offers the design of a 30' 
foot cabin cruiser. Principal characteristics, together with neces- 
sary calculations and design details, are given. This is followed 
by an account of the method of fabrication and erection of sub- 
assemblies. Estimates of weight and cost are made and the 
improved efficiency, strength, increa^sed safety and greater de- 
sirability of welded steel construction are stressed. 


U. Junior Grade, H. S. Knerr 

The purpose of this paper is to present a yacht design of welded steel 
construction. The idea was conceived as a result of an argument with an- 
other naval architect who contended that yachts of less than 80 feet in length 
would be heavy and impractical when built of steel as compared with the 
conventional wooden designs. The author, not convinced by argument and 
believing that ordinary small boats of welded steel construction would 
possess many inherent advantages, presents, herewith, some comparisons 
between wooden and welded construction as applied to a 30 foot cabin 
cruiser — an average si2;e boat in yachting and considerably below the 80- 
foot limit which is generally considered the turning point in length above 
which steel is accepted and below which steel construction has not yet been 
adopted except in isolated instances. 

General Uses — Small boats, including yachts, see service all over the 
world in every conceivable form and shape. Performing useful work for 
some, providing a luxury for others, an absolute necessity upon occasion, 
they all embody problems of design too numerous for detailed elaboration. 
The soldier at Dunkerque was looking for any boat — ^the yachtsman at 
Miami is looking for his boat. English Channel or Biscayne Bay, when a 
boat is wanted, it is there for a purpose which must be constantly borne in 
mind during the design stage. 

Special Uses — Deep-water boats require excessive ruggedness; fast boats 
require lightness; cruising boats, require comfort; work boats require load 
capacity — every boat has a purpose and each has its own peculiar qualifica- 
tions for that purpose. All boats have the basic requirements of stability, 
seaworthiness, and economy. 

The design incorporated herewith, (See accompanying Figs. 1, 2, 3, 4 
and 5), is presented as being a fair example of the ordinary small boat em- 
ployed as a yacht. The average amateur yachtsman has a motor boat of 
around 30 feet in length, having berthing and living facilities for four 
persons and capable of cruising two weeks comfortably at a speed of ten 
knots (twelve miles per hour) — ^all on a modest initial outlay and involving 
reasonable upkeep. 
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Variations in Design — One of the basic points incorporated in the design 
is the use of one jig from which two models could be constructed; one boat 
being thirty feet in overall length and the other, by means of a ten foot 
addition aft, being 40 feet in overall length — ^the standardi^jation of patterns 
and parts being a direct economy to both models. Of the ten feet addition 
in length, six feet is below the water line resulting in a greater speed at 
the same speed length ratio and four feet is used in extending the overhang 
of the stern resulting in a more appealing ‘‘cruiser stern”. The 40'’foot model 
would accommodate six persons and have a top speed of 16 knots (19 miles 
per hour) usmg two screws The engines, shafting, propellers and 75 per 
cent of the hull would be identical with the 30'foot model 

Principal Characteristics — ^For purposes of discussion and for comparison 
with wooden contruction the 30Toot boat of welded steel construction has 
been chosen. The general characteristics are as follows. 


Length overall 30' — 0" 

Beam, extreme 8' — 7" 

Draft, service conditions 2' — 9" 

Displacement, service conditions 15,000# 

Speed, economical 6 Knots ( 7 M P H ) 

Speed, maximum 10 Knots (12 MPH) 

Shaft horsepower, maximum 85 

Accommodations 4 persons 


Framing — ^The boat is designed on a semidongitudmal basis with web 
frames spaced at intervals from 12 to 18 inches The form of framing com 
tributes not only to greater lightness of construction but also to ease in 
attachment of hull plating. The webTrame varies from 3-inch x 2-'inch 
tee sections amidships to 2'inch x tee sections at the ends These 

tee section webs support longitudinals which are also tee sections which 
vary from 2-'inch x V/z'meh to Pinch x This system of web 

frames and longitudinals supports the structural plating; namely, the bottom, 
sides and deck of the hull. Light intermediate frames, varymg from Pinch 
X l^^inch tee sections to Pinch x ^-inch flat bars are spaced between webs 
where necessary for local stiffening of plating. All the sections have a face 
plate thickness of %0''inch and a web thickness of J/g-'inch. Adequate trip" 
ping brackets are provided to insure stability of the web frames and 
longitudinals. All web frames are tied into the heavy keel plate by deep 
floors (which are lightened where possible). These floors are ^edneh thick. 

Thus there is provided an interlacing system of support, the deep web 
frames support the longitudmal stringers which m turn support lighter 
intermediate frames — the whole system benig tied into the keel plate and 
supporting the hull platmg in such a manner as to insure the maximum 
strength and stiffness with the minimum weight. 

Platmg — ^The keel plate is ^-inch thick, shell and bulkhead plating 
varies from ,J4dnch to %6"mch, deck house platmg is thick. Ample 

margm for possible corrosion is provided. 

Due to the small size of the structure, those portions below the chine 
present a problem. In order to reduce the amount of forced curvature of 
this plating the entire surface of the hull is designed around comcal surfaces. 
The hull below the chine consists of two conical surfaces and the deck is a 
cylindrical surface. The vertexes of these cones are located on the body 
plans. In order to avoid unfairness in the hull plating and undue stress ia 
the structure it is necessary to lay off Imes in the loft oy geometrical means 
rather than by the conventional offset method 
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Fig. 1# idbowm). Outboard profile. Fig. 2, Pselow). Inboard profile. 
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All subassemblies such as lower hull, mam deck, side frammg and 
plating, bulkheads and deck house are to be sand-blasted, pickled and gal- 
vanized after fabrication and just prior to erection of the subassemblies after 
all miscellaneous welding has been completed Welding done after galvan- 
izing shall be wire-brushed and painted with zmc chromate pnmmg pamt 

All platmg used in the construction of the boat is medium steel having 
a yield point of not less than 60,000 pounds per square inch 

Equipment and Arrangement — ^The boat is intended to provide com- 
fortable day cruismg for four persons and special emphasis is put into 
extended cruising accommodations for two persons, a combination which 
would represent the average pre-requisites for such a boat 

Aft of the chain locker is provided a watertight compartment having 
HI it a water closet, lavatory with running fresh water, and adequate space 
for shelving. In the next compartment aft there are four bunks; two port 
and two starboard, the upper berths on each side folding down to provide 
a back rest There is also provided in this compartment two closets and 
ample shelving. 

Amidships is a watertight compartment, housing the mam power plant 
and auxilianes. Directly above the engine room is the bridge provided 
with a sliding cabin top which may be pushed aft to provide standing room 
when weather conditions permit For foul weather operation the cabm 
top IS closed and seating arrangements for helmsman and navigator are 
provided. There is on the port side a chart table with radio under and 
the binnacle is on the starboard side. 

The after cabin is fitted out as a day cabin with transoms and tables, 
refngerator, sink, stove and dresser Special provision of space and lighting 
is provided here in order to insure comfort 

Throughout, construction is of welded steel-joiner work being of light 
gauge. 

Conditions of Loading — ^While strength may not appear to be a para- 
mount consideration in small boat construction, there are certain advantages 
inherent in a steel design that warrant an investigation of this subject. 

A welded steel hull is much more readily made watertight than a wooden 
hull and it is therefore possible to provide a watertight compartmentation of 
the hull that will insure the buoyancy of the boat even with one compart- 
ment flooded 

Also a welded steel hull, being more susceptible to subassembly than a 
wooden one, involves the question of sufficient strength to permit handling 
of major subassemblies prior to actual erection. 

For purposes of determining the maximum stresses that would be in- 
volved in meeting the above situations the followmg conditions have been 
investigated* (a), normal condition afloat (b), afloat with water closet 
bilged, (c) , afloat with forward stateroom bilged, (d) , afloat with engine 
room bilged, (e), afloat with after cabin bilged (f), grounded at extreme 
ends of boat, (g) , drydocked on four evenly spaced blocks. 

Summary of Longitudinal Strength Calculations — ^An important cor- 
relative of compartmentation is stability; upon assuming that a particular 
compartment has been bilged and therefore imposes an additional load upon 
the hull as a whole it is also necessary to keep in mind the change in trim 
and stability. Loss of stability due to a free body of water within the hull 
is a major problem and can only be met by providing ample mitial stability 
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when the hull form is determined Local rigidity and abihty to maintain 
watertightness in a bilged condition is also a major consideration. 

Results of a loading analysis are summarizjed as follows. 



Displacement 

Draft 

For’d 

Draft 

Aft 

Meta' 

Centric 

Height 

Bending 
Moment 
Foot Lbs 

(a) Normal condition afloat . . 

15000# 


2'-9" 

22" 

4000 

(b) Watercloset bilged 

17500# 

3^-10" 

T-6" 

13" 

12500 

(c) For'd stateroom bilged 

, . . 27500# 

T-T' 

T-6'' 

10" 

9200 

(d) Engine room bilged 

19000# 

y-v' 


16 " 

16500 

(e) After cabin bilged 

22500# 

2'-9" 


6" 

4000 

(f) Grounded at frames — ^6 & ^24 



0 

40000 

(g) Grounded at frame — ^^^15 




0 

40000 

(h) Drydocked at frames — 1^6^ 

#13, #17 & #24 


0 

20000 


Steel Versus Wooden Hulls — In designing the welded steel hull, no 
attempt has been made to save weight with relation to a wooden hull of the 
same form and dimensions The overall weight of the welded steel boat is 
the same as that of a duplicate boat of ordinary wood construction. 

In comparing strength, it will be found that pound for pound of weight 
the steel hull is about twenty times as strong as the wooden hull on the basis 
of longitudinal strength This fact would be meaningless if it were not for 
the greater possibilities of mass production, wider application, safety and 
durability due to welded construction. 

The mam strength members have already been descnbed; they cannot 
properly do their work however without the thorough rigidity of plating and 
local stiffening which is provided by welding. By providing tapping 
brackets and local light stiffening bars at points where panting of the hull 
plating or twisting of main structure will normally occur it is possible to 
provide a hull of uniform rigidity and strength. Welding of these important 
Items IS far superior to riveting in necessarily light weight steel and pro- 
vides an efficiency in strength and ability to suit conditions that cannot 
be approached in wooden construction. Welding provides a means of put" 
ting steel to work where rivets and nails, with their lesser joming efficiency, 
cannot even be dnven 

Fabrication — One of the pnncipal advantages of welded steel construe" 
tion IS the simultaneous fabrication of the many parts that go into the 
completed job. These individual fabricated parts are then made up into sub" 
assemblies. There arc listed below the major items which^ would be pre" 
fabneated in quantity before subassembly. (1), keel plate (2), stem and 
stem post castings, (3), floors. (4), lower portion of web frames. (5), 
lower portion of bulkheads. (6), chine and longitudinals. (7), bottom shell 
plate. (8), deck strmgers and beams. (9), deck platmg. (10), deck house 
coaming and stiffeners ( 11 ), upper portions of bulkheads. (12), longi" 
tudinal bulkheads. (13), cockpit sides. (14), cabin floors (15), upper poa 
tion of web frames. (16), side shell platmg. (17), hatches. 

Subassembly — ^The first major subassembly consists of the bottom made 
up of keel, stem and stempost to which arc welded the lower portions of 
bulkheads, web frames and floors. Longitudmals #1, #2, #3 and chine are 
then welded to the bulkheads, web frames and floors. The bottom shell 



338 


STUDIES IN ARC WELDING 


completed. The subassembly is then moved to the sHds and the cabm 
flooring is installed. 

The second major subassembly consists of the main deck, made up from 
deck edge angles, deck beams and deck longitudinals to which the deck 
plating IS fitted and welded. Deck house and hatch coamings are also welded 
in place and the subassembly is moved to the skids 

The third major subassembly consists of the deck house made up of 
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framing to which the plating is fitted and welded Coamings for hatches 
and airports are installed and this subassembly is then moved to the skids 
All three subassembly operations can be earned on simultaneously on 
separate sites completely divorced from fabneation work which is of a 
different nature and involves a different technique Time and effort are thus 
conserved in welded construction whereas in wooden construction, fabnea" 
tion and subassembly are hopelessly intermingled to the disadvantage of each 
Erection — ^To the skids, where final erection takes place, the sub' 
assemblies come for the final fitting. 

After locating the bottom stmeture very carefully on surveyed lines the 
upper portions of the transverse bulkheads are welded to the bottom por' 
tions The mam deck subassembly is then carefully positioned and welded 
to the transverse bulkheads The upper portions of the web frames are then 
fitted to suit, welded to the lower portions and to the main deck beams and 
the web frame face plates are welded in The deck house is then positioned 
over the main deck, fitted into the coammg and welded in place, after the 
engine has been shipped. 

This leaves the structural job virtually complete with the exception of 
longitudinal #4 and the side shell plating These two items are purposely 
omitted until the very last job before launching in order to provide con^ 
vement access for work, welding in particular After the local stiffening 
jobs have been completed the boat is closed up and ready for launching. 

By the use of welding, the work prior to launching (at which time the 
boat IS virtually complete) has been efficiently and simultaneously earned 
out in six logical sites (1), fabncating shop (2), subassembly area for 
bottom structure (3), subassembly area for mam deck. (4), subassembly 
area for deck house (5), erection site (6), fitting out afloat. 

Weight — ^There is listed below a summary of the estimated weights in' 


volved in the construction of the boat. 

Stem casting 300 # 

Stem casting 392 

Keel plate - 292 

Floors 146 

Web frames 203 

Transverse bulkheads 1150 

Transverse framing 122 

Longitudinal framing 445 

Shell plating — - 3539 

Deck plating — 864 

Deck house 650 

Weld metal (deposit) 510 

Rudder - — 70 

Propeller, shafting, shaft tube and bearmgs 197 

Mam engine — 1775 

Steering gear 50 

Intenor joiner work 1300 

Ladders — — - — — 100 

Doors, hatches, air ports, windows 585 

Galley equipment 120 

Moormg equipment — 200 
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Material — ^There is listed below a summary of the estimated material 


costs involved in the construction of the boat 

Castings — medium steel $110 00 

Plate — medium steel 165 00 

Shapes — medium steel - 5 0 00 

Pipe — medium steel 20 00 

Welding electrode 100 00 

Bron 2 :e bar 45 00 

Plumbing fixtures, pipe and tubing 75 00 

Radio, electnc wiring and fixtures 75 00 

Insulation 35 00 

Furniture 70 00 

Airports and windows — 120 00 

Power plant 5 60 00 

Steering gear 25 00 


Total Direct Material $1450 00 

Labor — ^There is listed below a summary of the estimated labor cost in^ 
volved in the construction of the boat 

Shipfitters $ 575 00 

Welders 380 00 

Burners 155 00 

Chippers 120 00 

Machinists 120 00 

Electricians 100 00 

Painters 90 00 

Shipwnght 80 00 

Plumber 50 00 

Joiner 30 00 

Helpers 175 00 


Total Direct Material $1875 00 


A small boat of welded steel construction possesses many advantages that 
are of interest to both the builder and the owner The major advantages 
are listed herewith 

(1) Welded steel provides a more efficient method of construction than 
IS possible with wood because it makes possible the simultaneous execution 
of work at six different sites as compared with two or three with wooden 
construction This results in more efficient working methods applied by a 
greater number of men over a lesser period of time Welded steel therefore 
lends Itself more naturally to mass production than does wooden construction. 

(2) Welded steel widens the field of application of any given design. 
Due to Its greater strength and flexibility as compared with wooden con^ 
struction it more readily lends itself to minor alterations m construction to 
suit special requirements of building or operation 

(3) Welded steel construction affords a wider margin of safety than is 
found in wooden construction due to its resistance and non^susceptibility to 
fire, Its inherent watertightness and its greater strength. 

(4) Welded steel construction is more durable than wooden construction 
which is very susceptible to rotting and marine animal life. Given the 
proper protection against corrosion and the proper preservation, welded 
steel will outlast wooden construction. 
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Fig. 4. Compaxison welded and wooden design 

A summary of the estimated cost of building small boats of welded steel 
at the approximate rate of forty boats per year, each boat involving about 
2500 man hours is given herewith 



Weight 

Material 

Labor 

Total 

Fabrication and layout 



$ 430 00 

$ 430 00 

Bottom subassembly 

. 4211« 

$ 200 00 

360 00 

560 00 

Mam deck subassembly 

. niof 

85 00 

140 00 

225 00 

Deck house subassembly 

. 

50 00 

150 00 

200 00 

Final erection 

. 2700«f 

75 00 

270 00 

345 00 

Machinery installation 

. 2011iS^ 

715 00 

215 00 

93000 

Fitting out 

. 2891 « 

325 00 

310 00 

635 00 

Fuel, water, and stores 

. 1200* 






TOTAL ’ 

..lyoooii! 

$1450 00 

$1875 00 

$3325.00 

ESTIMATED OVERHEAD 





. 55000 

ESTIMATED TOTAL COST TO BUILD ^ . , 

- 

..$3875 00 


Advantages claimed for welded steel construction as compared with 
wooden construction assuming the weight and cost of each to be the same: 
(1), it lends itself more naturally to mass production (2), it widens the 
field of application of a given design. (3), it affords a wider margin of 
safety (4), it is more durable. 
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Chapter I — ^Welded Airplane Hangar 

By Van Rensselaer P. Saxe, 

Consulting Engineer, Baltimore, Maryland. 



Subject Matter: Fabrication and erection of a Hangar 131 ieet 
by 244 feet of the truss-and'calumn type; believed to be the 
first all welded steel Hangar. The riveted design required 282 
tons of steel; this welded design required 221 tons. Clips were 
used for temporary field connections prior to welding. Bottom 
chord connections of trusses to posts were welded after all steel 
was erected, so that truss deflections would not bend the columns. 


Van Rensselaer P. Saxe 


This history of the development of what the author believes to be the 
first all welded airplane *hangar, 131 feet x 244 feet in size, is recited in an 
effort to show the greater economy, when compared to a riveted structure 
of this type, designed for ordinary truss spans with which design methods most 
engineers are familiar and which requires the simple fabricating practices which 
all shops can do economically with their present welding equipment. 

The writer further believes that after our present war effort, there will 
arise a demand for this type of hangar and that this illustration with its 
general success, with comments on changes which he could make in another 
similar design, which would simplify its fabrications, may be of benefit to 
engineers having similar projects to design, be it a hangar or the same principle 
applied to a factory or similar building of smaller truss spans, but of the same 
structural nature. 

This structure started out to be the usual riveted structure of its type, \mtil 
it was discovered as a result of preliminary design, that there was not enough 
money available to pay for the riveted steel required for the size structure 
set out in the appropriation made for its construction. 

It was ewdent from these studies that a drastic design change had to be 
made, so after further study, it was finally decided to adopt tihe use of a 
welded structure even though it was known that it must be finally approved 
by a government authority supposed to be well known for its not too friendly 
feeUng towards welded structures. 

On this particular question it may be said that the approval by this 
authority proved to be only “supposed to. be“ for they co-operated to the 
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Fig. 1. Hangar partially erected. 


fullest extent, thereby proving that one cannot always believe these so called 

^ Since the erection of this structure, engineers have asked why wc did not 
adopt the usual welded girder 'type of rigid frame, commonly used in structures 

of this type on long'span work. . v- -u • n Hr,,. 

There were certain considerations in this design which influenced the type 

of truss adopted and these were as follow^: 

1, A flat ceiling of insulating and sound proofing material was required 

over the entire hangar space. ^ 

2, Traveling supported craneway tracks were required over large areas 
of the building for removal of motors and other equipment from planes. 

3, The type of horizontal sliding doors used at each end of the h^gar as a 
matter of economy, required overhead track guides and bracing which worked 
out more economically by using the truss design. 

4, The roofing material used was a well known type of asbestos protected 
metal and the ceiling construction of a wood fibre insulation board, produced a 
combination which for dead weight was very low with the further advanta^s 
of a large air space between the roof itself and the insulating ceiling 
soundproof qualities of this type of ceiling were considered, and due to the 
that work might be in progress on planes, noise from which work is very much 
absorbed, making the building a better place in which to work. 

5, In the neighborhood in which this structure was to be built there was 
only W fabricator not equipped to bid on, fabricate and construct the truss 
type of structure, with the result of better competition for the job. 

Design loads were those required by the building code of the city in which 
the structure was built, as were also the steel allowable unit stresses and weld 
values were used conforming to the A.W.S. Welding Code for Fusion Weld- 
ing in Buildings using heavy^coated electrodes. 

The original riveted design was made in accordance with recommendations 
of the A.I.S.C. and the usual shop and field practices for this type of structure. 

The welded design followed the same general rules, except that advantage 
was taken of continuity in roof purlin construction and placement of membars 
of trusses to secure full advantage of the material as I will show later. 

A comparison of the two designs showed that the welded design made 
savings of weights of materials in the following specific places; 

1, roof purlins because of method used to develop continuity. 

2, trusses and wind bracing system because of no loss of material for holes 
deducted for tension members and the use of boxed angle sections for long 
compression members, and elimination of all large gusset plates. 
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3, columns, no holes to be drilled and less material required for con" 
nection of trusses and for anchor bolt connections at base of columns. 

In the closest possible riveted design, there were 282 tons of steel, whereas 
in the welded design there were 221 tons, making a saving of 61 tons of steel. 

It should also be noted that there were shop process saving secured through 
the fact that details of connections were so designed that there were no punched 
holes in any main member. This was due to connection holes having been 
punched in the connection angles, which in turn were welded to the main 
members. No holes were punched in any truss members, in purlins or in the 
main columns, which were heavy enough to require drilling for good rivet work. 

This meant no templates and entire job was shop fabricated without any 
main member going through a punch shop and all steel was entirely welded 
in the assembly bay of the shop in which it was turned out. 

Anchor bolt stiffener plates were welded to base of columns, after which 
the columns were milled for bearing on base plates and for bearing of top 
chord of truss at top of columns. 

At this point, it might be well to state that the method of connection for 
field assembly of the members of this building, was designed for use of the 
erection seat and clip. These articles are shop welded to the steel where 
required to connect to each other in the field erection work, and so hold the 
members together prior to the time when the field welding can be done. 

These articles were used throughout the job for connection of all steel 
members to each other and have certain definite advantages over field bolting, 
both in the shop work and in the field erection work in that they eliminate 
all punched holes. 

The general shop process consisted of sending the material previously cut 
to length, into assembly lines. 

Due to the diagonal bracing system there was a large number of irregular" 
shaped plates, which required no holes and which were cut from paper tern" 
plates. These plates were moved into welding shop where, by the aid of small 
jigs, the erection seats were welded to these plates. This part of the work was 
handled on a production basis, certain welders being continually on this work. 

The vertical and diagonal truss members were welded together in pairs, by 
certain other groups of welders. These completed members were placed in 
positions near the final assembly jig used for putting the trusses together. 

The top and bottom chord members were handled on a line where the small 
gusset plates, required at certain panel points, were welded directly to the 


mi 








fig. 2. Truss pile. 
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chord member, the small gussets having previously been prepared by grinding, 
for a V joint weld to the edge of the leg of the chord members, which it will 
be noted were tees made from split beams. After these welds were completed 
the welds were ground down, so that no interference would occur with the 
truss members which came down over this joint in the final assembly. On 
completion of this work, the plates previously prepared for the diagonal 
member connections were welded to these top and bottom chord members, 
at the positions in which they were required in the completed truss, the erec^ 
tion seats and clips being placed along with these plates so that on completion 
each top and bottom chord was completely assembled and ready for placing 
in the final assembly jig. 

This jig, made up with members as long as half the length of the trusses, of 
two main members, spaced apart the distance between the top and bottom 
chords, was so arranged that when the chord members were placed on them, 
the chord members could be clamped securely in place, either in a straight 
position as for the top chord section or in a slightly curved position to make 
up the camber required in the chord sections. 



Hg. 3. Erection of trusses. 


After these chords had been securely fastened to the jig then the web 
members of the truss were placed in position by selecting a previously fabri- 
cated pair of angles, driving a small wedge between them to open the ends, 
and sliding the open ends of the angle pairs to the proper position on the 
chords, at which location they were clamped in position, and tack welded 
after which the final welders followed up. 

This method of assembly allowed separate groups of men to work on the 
trusses at the same time, so that the assembly process and the final welding 
were completed in a remarkably short time for such large trusses. 

From this description, it will be understood that the previously describee 
assembly left a completed truss, but with the members welded in place on only 
one side of the chords. . 

When upper side was complete, then the clamps were released, the truss 
lifted from the jig, moved to one side about ten feet away and turned over on 
skids in position for welding the opposite side, which was done by welders 
working in groups. 

With this welding completed the shop assembly of the trusses was finished 
and they were moved to painting skids. 

For the benefit of any one designing any similar trusses I would like to ooint 
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out, that the use of the split beam sections is best for top and bottom chords, 
for the outstanding leg of the T under normal conditions gives sufficient leg 
on which to place weld for connection of web members. 

In the case of these particular trusses we found however that at some points 
It was necessary to get an additional depth of web m order to get suffiaent weld 
length on the truss members. To accomphsh this we used small narrow plates 
which were V welded to the upstanding leg of the T to give us more area 
for weldmg of the members 

This proved, with the grinding which was necessary, to be an expensive 
and slowmg up operation, for the chords, which were heavy, had to be crane 
hfted and turned over for this operation on each side of these small gussets 
Checkmg this over with the shop foreman, we found that it would have been 
cheaper to have used a split beam of deeper web, for the chords, even though 
we wasted a small amount of steel in the design of the truss, for these items of 
cost were reflected in the bid price on the job In other words even though 
we were to use slightly more tonnage our completed truss would have cost 
less to build and this would have been reflected in the ton pnce on the job 

The use of boxed angle sections produces considerable savmg in material 
required for compression web members In welded trusses in which we have 
roof purlins framing so that tops of purlins are flush with top of chord of 
truss, we have found that pairs of channels placed toe to toe for vertical truss 
members, give a very simple connection condition for purlin connections to 
trusses, by making the connection to the back of the channel wluch in turn 
has been welded directly to the web of the T, thereby eliminating the neces^ 
sity for gusset plates or the difficulty of making a welded connection on the 
outstanding leg of the usual pair of angles, which cannot be done without 
using punched holes in both angles and purlin. 

On other trusses to secure the same condition we have used I beam section 
for the vertical truss members This can be easily done by slotting the web 
of the I at each end, so that the stem of the T section chords passes through 
the web slot The weld is then applied along the slot sides and the stem of 
the T. As there is a tendency for these I’s to bend about the web connection, 
if any rough job handling of trusses takes place, this use of Fs is only recom^ 
mended when the webs of the Fs can be tacked at the edge of the T flange 
to keep them from rotating on their vertical axes These Fs make a very good 
member for light trusses for they greatly simplify beam connections, to the 
vertical members of a truss. 

Our experience indicates that the source of economy in most welded work 
exists in the abihty to get away from all punched or dnlled hole work in mam 
members, and to design so that holes are only required in connection fittings 
themselves, then weldmg the fittings to the members to be attached. 

The field erection work on this job proceeded in much the same manner as 
would have existed on a similar nveted job. 

The columns were erected on base plates and bolts which had previously 
been grouted and placed It had onginally been mtended to weld the two 
halfs of each truss together on the ground, but due to lack of capacity of the 
crawler crane dernck sent to job, it was necessary to erect eadi half truss 
using a small A frame with vertical adjustments at near the end position of 
each half truss. After each half was erected the A frames were adjusted to 
give proper camber to truss, after which the two parts wpre welded together. 

As soon as a pair of trusses was erected then the ceiling, roof beams and 
bracing were placed. This process was repeated so that after the second pair 
had bean erected with its filling in beams, then the short pieces nf beams were 
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placed between the projecting, cantilever ends of the roof beams, which 
extended beyond the lines of each of the pairs or groups of trusses. 

When a group of four trusses with their filling in beams had been erected 
and plumbed, then the field welding on this section was started and com" 
pleted, while other trusses were being erected. 

The welding of all bottom chord connections of trusses was postponed 
until all steel was completely erected, so that ample opportunity was given 
for truss deflections to take place, so that these deflections would not bend 
the columns as so often happens in these long span jobs. The results in this 
case were most satisfactory for all columns after welding of the bottom chord 
connection remained plumb. 

It might be well to mention here that our general experience with welded 
trusses indicates, that they are less subject to deflection than similar riveted 
trusses, probably due to the fact that there is less possibility for movement in 
the connected parts of the truss members. 



Fig. 4. End truss. 


The contracts for this work were awarded as a fabricated job shipped 
F.O.B. job site and an erection contract covering erection of steel as delivered 
to the site. 

Because of the fact that this fabrication came under provisions of a Federal 
law requiring conformity to certain conditions, the contract could not b( 
awarded to the low bidder, so it was awarded to a high bidder at $18,343 foj 
the fabrication. 

The contract for the erection, including field welding being subject to tb 
same conditions recited above, was let to a qualifiying contractor at $8000 
This figure was considered quite high and in light of the fact that the actua 
job payrolls, which included all men working on the job, was $3400 it woulc 
seem that this contractor came out fairly well on this job of welded erection 

The equipment required to erect the job was one crawler crane, and twc 
gas driven welding machines. 

It should also be stated that the shop fabrication figure developed to a price 
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Fig. 5. Bottom chord front bracing. 

per ton for the welded steel fabrication which was the average ton price for 
riveted fabrication at the time this contract was let, so at least no penalty 
developed in the ton price for the welded job. 

It was considered that the erection price per ton was probably $5' higher 
than the amount for which a similar riveted job could have been let. 

This higher cost of the welded erection was undoubtedly due to lack of 
knowledge of what the actual field costs of such welded erection were. This 
seems to have been demonstrated by the payroll record kept on the job and 
leads me to the conclusion that the contractor’s erecting superintendent was 
correct, when after completing the work he was of the impression, that were he 
to do another job of similar nature, by use of a heavier derrick to enable him 
to raise a complete truss, he could cut his field costs so considerably, that while 
he could erect this type of work as fast, as riveted work, the field welding 
would have been more economical than riveting. 

It was considered in view of the known tonnages derived from the original 
riveted design and the final welded design, that the net saving due to the use 
of the welded design amounted to approximately $6,163 which brought the 
cost of the erected steel frame within the original appropriation. 

In conclusion, the authorities in charge of this building were so well 
impressed with the welded structure, that two additions to the original building 
have been entirely of welded construction, although they are of entirely dif- 
ferent type, being of shorter span construction. This building has been recom- 
mended by those national authorities having it in charge as a design to be 
copied by other groups throughout the states, as the most economical type of 
hangar to use and had it not been for the stoppage in use of steel, more of 
these would have been constructed, instead of the numerous temporary wood 
hangars now being cbnstructed at costs greater than this steel hangar. 

All work was done by qualified welders working under supervision of a 
qualified inspecting company. The erection seats and clips used in this work are 
patented articles which can be purchased in the open market. 

The writer regrets that he cannot give names of the authorities back of this’ 
project or of the contractors who so willingly co-operated in undertaking the 
fabrication and construction of a welded project, which was, as they said the 
largest piece of building welded work their shop had ever done. 


Chapter II — ^Efficiently Rigid Arc Welded Connections 
By R. P. V. Marquardsen, 

Structural Designer. The Sanitary District of Chicago. Chicago. Illinois. 


Subject Matter: A detailed design for a welded connection he* 
tween beam and column that will have a shear value and re^ 
sisting moment equal to those of the beam. 


Although the process of arc welding, as applied in structural engineering, 
has progressed rapidly in recent years, it seems to the writer that the one great 
opportunity for profiting from this process has been overlooked entirely, vu., 
the development of ejEdently rigid connections for use between the several 
members of a structure. 

By an “efficiently rigid connection” the writer means a connection having 
a shear value and resisting moment equal to, or greater than, the shear value 
and resisting moment of the supported beam or girder. 

The chief advantages derived from the development and use of efficiently 
rigid connections may be summari2;ed as follows: 

1, a reduction in the quantity of steel required for girders and beams, of 
not less than 25 per cent 

2, an increase in the allowable span length (as limited by deflection require-' 
ments) of not less than 35 per cent, for any given beam supporting a given 
total load 

3, a more nearly rational basis for designing columns, due to the fact that 
the moments can be determined more accurately 

In order to develop mathematically an efficiently rigid connection, an 
analysis of the strength of the various types of welds in general use is a 
prerequisite. 

Such an analysis need not necessarily be absolutely correct mathematically, 
as long as the results obtained are known to be on the side of safety and are 
fairly accurate. As a matter of fact, the writer is of the opinion that the 
simpler an analysis is, the greater in all probability will be the number of 
engineers who will take the time to acquaint themselves with it. 

In order to simplify the analysis that follows, welds will be divided into 
four general classes: 

1, tension welds, which will include all welds that are subject to direct 

tensile stresses only > 

2, compression welds, which will include all welds that are subject to direct 
compressive stresses only 
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3, bending welds, which will include all welds that are subject to bending 
stresses. 

4, shear welds, which will include all welds that are subject to shearing 
stresses prinapally 

Each of these classes will be subdivided further into several types, depend' 
ing on the shape of the cross-section of the weld, as for instance rectangular 
welds, triangular welds, sector welds, V welds, double-V welds, U welds, 
double-U welds, etc. 



Fig. X. Tension welds. 

The following nomenclature will be used: 

fx = allowable unit tensile stress in the weld material, in pounds per square inch. 

fc = allowable unit compressive stress in the weld material, in pounds per square 
inch. 

fs == allowable unit bendmg stress m the weld material, in pounds per square 
inch. 

f» ~ allowable unit shearmg stress m the weld material, in pounds per square 
inch. 

a =5 width of weld, in inches, subject to direct tension or compression, m 
tension and compression welds. 

b =5= depth of ^"cantilever” in bending welds, in inches. 
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= lengtla of “cantilever” in bending welds, in inches. 

= dimension, in inches, of either side of the weld, in triangular shear welds, 
e = radius of the weld, in inches, in sector shear welds. 

1 = length of the weld under consideration, m inches. 

Sx = total working strength of tension weld, in pounds. 

Sc = total working strength of compression weld, in pounds. 

Sb = total working strength of bending weld, in pounds. 

Sa = total working strength of shear weld, in pounds. 


Tension Welds — In Fig 1 are shown several types of tension welds 
Evidently the strength of these welds is the same, inasmuch as the shape of the 
cross'section of any tension weld, that is, whether rectangular, single or double 
V or U, obviously is immatenal as far as strength is concerned. 

The workmg strength of tension welds therefore may be expressed by the 
following formula 

St = alfT ( 1 ) 


Compression Welds — Compression welds are similar to tension welds, the 
only difference bemg that the welds are in compression mstead of in tension. 
The workmg strength of a compression weld therefore is given by the followmg 


formula. 


Sc — alfc 


( 2 ) 


Bending Welds — In Fig 2 is shown a bending weld In analy2;mg the 
strength of this weld it is assumed that a tensile force P is applied as mdicated 
and that bar A is so held that only tensile stresses will occur at right angles to 
section OC of the weld Evidently a similar analysis may be employed if a 
compressive force is applied in the same manner. 

The weld may be considered to be a cantilever, rigidly attached to bar A 
and supportmg a varyingly distributed load whose intensities are proportional 
to the ordinates of the elastic curve of the cantilever, with the pomted end of 
the cantilever as the origin, the maximum load intensity bemg equal to fj. A 
parabola with its origm at the point of support very nearly fulfils this condition, 
(See also Fig. 3). 


Considering a unit length of weld, the total load on the cantilever is — c fx, 
and fx bemg the allowable unit tensile stress, the total strength of the weld (per 


unit of length), as far as section C-C is concerned, is y- c fx. For all practical 
purposes only direct tension occurs at this section. 

The total shear along the line of support of the cantilever (section B-'B) is 


2 

equal to the total load y c fx. The section of the cantilever is rectangular at the 
support, and the maximum unit shear at the section, bemg one and one-half 

2 2 c 

times the average, is therefore y c fx divided by.y b = y fj. This means that, 

m order for the weld to be as strong m shear at section B'E as it is in tension 

c f f 

at section C-C, the value of must be equal to If c is equal to b and if 

D tx tx 


11 300 

IS equal to only the total strength of the weld (per unit of length), as 

far as shear along section is concerned, is 0.580 c fx. 
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The maximum bending moment at the support is — c fx times g-c = — fx. 

The section modulus of the section bemg b^, the maximum fiber stress is 
1 1 3 c^ 

therefore — fx divided by — If b is equal to c, the maximum 

4 0 2 

3 2 . 
fiber stress is fx, and the strength of the weld would be only — c fx divided 


by A = ^ c fx, but if b IS made greater than c ( = 1.22 c), the strength 

of the weld, as far as bending stresses are concerned, will be as strong as the weld 
IS along section QC, assuming that fs is equal to fx. Obviously b should be made 
equal to 1.22 c for economic reasons. 

The working strength of bendmg welds therefore may be found by applying 
the following formulas 


When b is equal to c- 

Sb = ^ c 1 fx - (3) 

y 

When b is equal to 1.22 c: 

Sb = I- c 1 fx (4) 

3 


Sh oar Welds— In Fig. 4 are shown two bars, A and B, welded together 
on two sides with shear welds. View (a) is a plan, (b) an elevation, and (c) and 
(d) alternate cross'sections of the bars and shear welds. The cross'section at 
(c) shows triangular shear welds and the cross'section at (d) shows sector shear 
welds. The two bars A'and B, for the sake of simphaty m analysing the strength 
of the welds, are assumed to have equal cross'sectional areas. * 

The ordinates of the curves shown at (e) indicate the distances that the 
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cross-sections of the bars (along the length of the weld) move from their original 
positions under the varying tensile stresses in the bars. The ordinates of the 
curve above line a-b represent the movements towards the right of the cross- 
sections of bar A, and the ordinates of the curve below line a-b represent the 
movements towards the left of the cross-sections of bar B. Either curve may 
be considered to be a parabola (which assumption is on the side of safety), the 
origin of the bar A curve being at a and the origin of the bar B curve bemg at b. 

Inasmuch as all correspondmg cross-sections of the two bars move in opposite 
directions, the sum of any two corresponding ordinates represents the total 
movement (away from each other) of the two cross-sections under consideration; 
and inasmuch as the unit shearmg stress in the weld at any pomt is proportional 
to the total movement of correspondmg cross-sections at that pomt, it follows 
that the sum of the ordmates also represents the unit shearing stress m the weld. 


2 

The total area of the ordinates diagram is — 1 fs, which multiphed by the 

minimum depth of the weld gives the total strength of the weld per side. 

For welds of triangular cross-section, as shown at (c), the mmimum depth 

of the weld is d, and the total working strength of the weld per side 


IS 


therefore 


4 


d times — 1 fsj^or 

Ss = 0.472 d I fg (5) 

For welds whose cross-sectional area is the fourth part of a circle, as shown 
at (d), the depth of the weld is equal to e, and the total workmg strength of the 
weld per side may therefore be found by applymg the following formula : 


Ss = Y e 1 fs (6') 

In other words, the total workmg strength of a triangular shear weld is only 
about 70% of the total workmg strength of a sector shear weld, assuming that d 
IS equal to e. 

Efficiently Rigid Connections — ^Formulas for ascertaining the working 
strength of tension, compression, bending, and shear welds having been derived, 
the design of a typical efficiently-rigid connection can now be developed. 

As an example, an efficiently rigid connection will be developed between a 
36-inch wide-fl^nge structural-steel beam and the flange of a 14-inch column. 
The result of this study is shown in Fig. 5 and references to this figure will be 
made throughout the design of the connection. 

For convenient reference, the properties of the 36-mch beam are listed below - 
Total depth of beam = 357^ inches 
Width of flange = 12 inches 
Thickness of flange = ^^-inch 
Area of flange = 11 25 square inches 
, Depth of web == 34 inches 
Thickness of web = ^-mch 
Area of web = 21.25 square inches 
Section modulus of beam = 502.9 mches^ 

The following numerical values for allowable unit stresses in the weld material 
will be used. 

ft = 13,000 pounds per square inch 
fc = 15,000 pounds per square inch 
fs = 13,000 pounds per square inch 
fs = 11,300 pounds per square inch 
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The allowable umt stress m the beam and the connection plates will he 
taken equal to 20,000 pounds per square inch for tension, compression, and 
bending and equal to 15,000 pounds per square inch for shear* 

The design of an efficiently rigid connection may conveniently be made in 
three separate operations, V12;., designing the 

1, topffiange connection 

2, bottomffiange connection 

3, web connection 

and each of these three designs may be subdivided further into designs for (a) 
welds between connection plates and girder, and (b) welds between connection 
plates and column. 

This procedure will be followed in the design of the typical connection 
under consideration 



Hg* 3. Deflection diagram* 

Top-Flange Connection — ^The cross-sectiomal area of the top flange is 
1L25 square inches and its total working strength is therefore 225,000 pounds. 

A P-inch wide by ll/ 4 'mch thick connection plate has the same cross^sec- 
tional area and is therefore adequate. 

To allow for necessary adjustments during erection, only field welds should 
be used, and overhead welds should therefore be avoided. 
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The welds between the connection plate and the beam may consist of • 

1, bending weld (114 X iVs X 9^0 •* 

By Formula (4) = 24 X l!4 X 9 X 13,000 = 97,500 pounds 

2, sector shear welds (each 1^4 X 7"'') : 

By Formula (6) = 2 X X ll4 X 7 X 11,300 = 131,800 pounds 


Total = 229,300 pounds 

Or, if It is desired to use right-angle equilateral triangular welds, the 
following combination may be used 

1, bending weld (lJ4 X lJ4 X 9'0 

By Formula (3) = % X 1]4 X 9 X 13,000 = 65,000 pounds 

2, triangular shear welds (each l!4 X Il4 X 12") * 

By Formula (5) == 2 X 0 472 X lJ4 X 12 X 11,300 

= 160,000 pounds 


Total = 225,000 pounds 

Other combmations, of course, could be used. 

The welds between the connection plate and the column may consist of: 

1, tension weld (1^4 X 9"): 

By Formula (1) = lJ4 X 9 X 13,000 = 146,000 pounds 

1, bending weld (1^6 X l%e X 9") : 

By Formula (4) = ^ X l^e X 9 X 13,000 = 83,000 pounds 


Total = 229,000 pounds 

The total potential stress in the top flange of the beam is now transferred 
to the adjacent flange of the 14-meh column. 

To transfer one-half of the stress to the other flange of the column to obtain 
equal distribution, two plates (one on each side of the column web) may be 
shop-welded to the flanges. 

The cross-sectional area of these plates need only be one-half of the area 
of the connection plate. Their center lines should coinade with the center line 
of the connection plate, as indicated in Fig. 5. If each plate is 5-inch x 54''inch, 
the welds to each column flange per plate may consist of: 

1, tension weld (% X 5*") : 

By Formula (1)“54X5^X 13,000 = 40,600 pounds 

1, bending weld (54 X 5*") • 

By Formula (3) = % X 54 X 5^ X 13,000 = 18,100 pounds 


Total = 58,700 pounds 

The welds of course can be made in the shop. 

Bottom-Flange Connection — ^The connection plate for the bottom flange 
should be shop-welded to the column and be provided with a vertical stiffener 
(as indicated in Fig. 5) so that it may be used as a seat for the beam durmg 
erection. Also, it must be wider than the beam flange m order to furnish a 
base for field welding to the beam. 

A 14-inch x J4*'hich plate Wl fulfil this requirement and will be adequate 
as far as cross-sectional area is concerned. 

The welds between the connection plate and the beam may consist of : 

2, sector shear welds (each J4^' X 17") 

By Formula (6) == 2 XV 3 X Win Xn X 11.300 = 225,000 pounds 
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The welds between the connection plate and the column may consist of: 

1, tension* weld Q/% X 14'') 

By Formula (1) = % X 1 X 14 X 13,000* = 159,000 pounds 

2, bending welds (each X % X 14") 

By Formula (4) = 2 X 54 X X 14 X 13,000 = 76,000 pounds 

Total = 23 5,000 pounds 

* (Assuming that there might be a reversal of stress due to wind forces, it 
would seem advisable to use allowable tensile stresses rather than allowable 
compressive stresses) . 



Fig. 4. Two bars welded togeiber. 

The welds of the stiffener plate need only be nominal: A ^'iach con^ 
tinuous weld on each side will suffice, (See Fig. 5). 

The same si^je transfer plates and welds used at the elevation of the top 
flange of the beam, to transfer one-^half of the stress from one column flange 
to ^e oAer, may be used at the elevation of the bottom flange of the beam. 

Web Ccmnection---^The cross^sectaonal area of the web is 21.25 square 
inches and its total allowable working strmgth is therefore 425,000 pounds. 
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Two Sl-mch X %-mch connection plates could be used as far as area is 
concerned, but difficulty would be encountered in getting sufficiently strong 
welds Two 32dnch x %'-inch connection plates will fit the conditions better. 

The welds between each of these connection plates and the beam may 
consist of* 

1, bending weld (|4 X Wie X 32"): 

By Formula (4) = ^ X % X 32 X 13,000 == 208,000 pounds 

which multiplied by 2 gives the total working strength of the two plates, or 
416,000 pounds. This is 9,000 pounds less than the worbng strength of the 
web, but this deficiency, if so desired, may be made up by the use of a few 
plug welds as indicated m Fig. 5. 

The welds between each connection plate and the column may consist of: 
1, tension weld (54 X 32") 

By Formula (1) = % X 32 X 13,000 = 312,000 pounds 

which multiplied by 2 is equal to 624,000 pounds for the two plates 

Neither the total worbng strength of the web nor that of the weld matcnal 
is, of course, ever fully developed m bending, since the unit stress vanes from 
ijero at the center of the web to a maximum at the top and bottom, but it would 
seem logical to make the weld at least as strong as the web itself in order to 
obtain the same stiffness throughout 


General Check — ^The designs of the top-flange, bottom-flange, and web 
connections constitute the entire design of the efficiently ngid connection, but 
a general check on the connection as a whole may be made as follows: 

The section modulus of the beam is 502.9 inches® and the total resisting 
moment is therefore 10,058,000-mch pounds 

The total resisting moment of the top-flange, bottom-flange, and web con- 
nections may be computed roughly m the following manner: 

The distance between the centers of the top and bottom connection plates 
IS 361%6 inches and the allowable worbng strength of either connection is at 
least 225,000 pounds, hence, the resistmg moment of these two connections is 
225,000 X 361%8 = 8;310,000-mch pounds 

The minimum weld strength of the web connection is 416,000 pounds 
The depth of the plates is 32 inches, and the distance between the centers of 
the top and bottom connection plates is, as stated above, 36^546 inches. The 
total resisting moment of the web connection (by the section-modulus method) 
is therefore 


416,000 X 32 32 

6 ^ 361%6 


1,920,000-inch pounds 


which, added to the resisting moment of the top and bottom flange connections, 
makes a total of 10,230, 000-inch pounds for the efficiently ngid connection 
and is slightly greater than the resisting moment of the beam. 


The allowable total shear on the unstiffened web of the 36-mch under 


consideration is 268,800 pounds 


The minimum shear value of the connection welds is the shear strength of 
the welds between the connection plates and the beam, which by Formula 
(5) is equal to 


2 X 0.472 X % X 32 X 11,300= 256,000 pounds. 


This IS slightly less than the allowable shear on the web, but it should 
be good enough for all practical purposes inasmuch as shear seldom governs 
the size of the beam. If so desired, a few plug welds could be added to compen- 
sate for the deficiency, or the welds could be changed to sector welds. 
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Concluding Remarks — ^Tlie wnter does not claim tkat tke foregoing 
anadysis of the strength of the vanous types 6f welds is absolutely correct 
mathematically, nor that the preceding development of efficiently rigid con- 
nections IS the only correct solution. His chief purpose has been to call 
attention to a great opportunity for advancing the arc welding industry that 
seemingly has been overlooked and inadentally to point out the steps that 
could be taken to remedy the situation. 



Fig. 5. Effidenlly rigid connecdon between beom and column. 

The present practice among structural engineers (and, by the way, the 
only one sanctioned by many city codes) is to design the vanous beams and 
girders in a building as simple beams. 

Nor IS this practice very much out of line where so-called standard riveted 
connections are used, as a thorough analysis of such connections will show 
quite readily. As a matter of fact, the angles of aU standard riveted connec- 
tions are stressed beyond the elastic limit and to such an extent that the resist^ 
ing-moment value of the conneaions as a whole is very small — ^practically nil. 

But handbooks for riveted connections are at hand and it is so easy to follow 
the hne of least resistance; hence, riveted connections and simple-beam 
designs! ! ! 
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And, now, what steps could be taken to remedy the situation? 

The writer suggests Aat the James F. Lincoln Arc Welding Foundation 
prepare (or arrange to have prepared) for general distribution among struc" 
tural engineers, designers, and draftsmen, and at a nominal price, a real 
‘‘Handbc^k on Welding for Structural Engineers", similar in character to 
the handbook issued by the steel companies or by the American Institute of 
Steel Construction. 

Such a handbook should contain, in addition to the usual tables and general 
data of interest to structural engineers that are found in the other handbooks 
referred to above, a thorough analysis of the strength of the various types of 
welds and (instead of tables for standard riveted connections and other rivet 
mformation) tables for standard efSdently rigid arc welded connections, 
properly arranged for ready reference. It should also contain a treatise showmg 
how such standard arc welded connections should be designed. In short, the 
handbook should be a reference book and a textbook combined, free from all 
advertising matter. 

Any opposition by city codes to a rigid-frame design surely can be over- 
come if adequate proof is presented that really rigid connections can be con- 
structed 


Proportionate Cost Saving — ^The proportionate cost saving per complete 
unit, that is, by using an efficiently ngid arc welded connection instead of a 
nveted connection, is not found in the actual costs of the two types of con- 
nections, which probably do not differ a great deal, but m the quantity of steel 
saved m the beam or girder occasioning the connection. 

For mstance, if the size of a given beam with a riveted connection is found 


by using a bending moment equal to 


wl2 
8 ’ 


the size of the same be^ with an 


efficiently rigid arc welded connection would only be required to take care of a 
bendmg moment equal to — -—or less, or m other words there would be a 


proportionate saving of at least 25 per cent. 

Estimated Total Annual Gross Savings — The total annual gross savings 
accruing from a general adoption in the United States of efficiently rigid arc 
welded connections for use m structural steel buildings may be estimated as 
follows: 

Assume that the annual United States production of structural shapes and 
plates IS 2,500,000 tons for a normal pre-war year, and that about 50 per cent 
of this tonnage is used in buildings. Assume further that about 65 per cent 
of the building steel represents girders and beams, the remaimng 3 5 per cent be- 
ing columns 

The total steel used for girders and beams would therefore be 2,500,000 
X O-5'O X 0.65 = 810,000 tons. The total saving of this tonnage is not less 
than 25 per cent or about 200,000 tons, which at an erected pnee of $100 
per ton gives a total annual gross saving of $20,000,000. 

Increased Service Life, Efficiency, and Social Advantages — ^There would 
probably be no increase in service hfe accrumg from the adoption of efficiently 
rigid arc welded connections, but neither would there be any decrease. 

Any efficiency accruing would be in the saving of time and labor in con- 
nection with the preparation of the detailed plans for the buildmg. Such 
saving of time and labor, as any structural engineer can readily perceive, would 
not be inconsiderable, provided a real "‘’Handbook on Welding for Structural 
Engineers", such as is described above, is at hand. 
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Among the social advantages accruing from the use of efficiently rigid 
arc welded connections may be mentioned: (a), the elimination of a lot of 
noise during erection; (b), lower total cost of the building; and, (c), a more 
rigid structure with less vibration and less swaying during severe wind storms. 

Data on Costs and Cost Comparisons — As previously stated, the pro- 
portionate cost saving in using efficiently rigid arc welded connections instead 
of the usual riveted connections is found in the quantity of steel saved in the 
girder or beam occasioning the connections. The cost of the connections 
rfiemselves evidently is very small as compared with the cost of the girder or 
beam, and hence there would be no object in making elaborate comparisons 
between the cost of a riveted connection and the cost of an efficiently rigid 
arc welded connection, especially since the actual costs of the two types of con- 
nections probably would be about the same at any rate. 

Final Comment — ^The foregoing discussion should show conclusively 
that the general adoption of efficiently rigid arc welded connections in the 
design and construction of structural steel frames for buildings would constitute 
real progress in the process of arc welding. 



Chapter lH — Steel and Concrete Bridges Compared 


By Glenn L Enke 

Assistant Chief Engineer, Utah Pomeroy Mornson, Provo, Utah 


Subject Matter: Girder-type highway bridges Detailed cost 
data for two bridges built near each other and at the same time 
One bridge was of an all welded design, with full composite 
action of the concrete floor slab The other bridge was of con- 
ventional riveted design with a limited amount of welding on 
secondary members and making but little use of the slab in 
composite action 


Modern bndge design demands stnct adherence on the part of the 
designer to the economical use of matenals. This was especially true 
throughout 1940 and 1941, in order that increased demand for new highways 
and wider highways by the users of these facilities could be handled withm 
the limits of the highway gasoline tax funds available for such purposes. As 
highway bridges are a necessary part of any highway building program, 
it was necessary to make the available bridge construction funds stretch 
over as many projects as possible 

Present war production demand for bndge building materials makes it 
even more necessary that structures be designed to meet the essential load' 
carrying requirements with the most effective use of matenals 

Economical bridge design produces a least combined cost of bndge supen 
structure and substructure to satisfy given live load specifications; subject 
to underclearance requirements for navigation or, in the case of a grade 
separation structure, highway or railway traffic clearances The majonty of 
bndges are, therefore, in the short-span range between 20 and 100 feet and, 
individually, attract little attention from engineers at large 

On occasion, it is necessary to construct a bridge of major proportions 
across an important waterway. Considerable attention is focused upon these 
structures because of their size; yet, in terms of financial expenditures per 
year, the small bridge of short-span length deserves real attention, because, 
in the two-year penod covenng 1940 and 1941, approximately 30 million 
dollars was spent in the United States by various state and municipal agencies 
on bridges with spans of 40 to 80 feet As very few mdmdual bridge 
projects exceed this expenditure but require considerably more than two 
years to construct, the small bridge of short span deserves considerably more 
attention and thought than it now receives 

A 24 per cent reduction in expenditure for bridges in the 40 to 80 foot 
span range is worth approximately $2,800,000 annually. This paper will 
show that an all-welded composite steel beam and concrete slab bndge m the 
60 foot span range will save 24 per cent of the cost of the ordinary type of 
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steel beam and concrete slab bridge, which does not utilii^e the concrete slab 
to resist stress. 

It will also show that an all-riveted design can hardly justify the use of 
the slab in a composite girder section, as the high cost of providing a 
riveted shear key between slab and girder, absorbs all but 3 per cent of the 
saving. 

It will show that the composite steel beam and concrete slab design is 16 
per cent more economical than an all-reinforced concrete design in the dO-foot 
span range; whereas, the ordinary riveted type of steel beam and concrete slab 
design costs 10 per cent more than the reinforced concrete design in this span 
range. Prior to the use of composite steel and concrete slab designs, it was 
more economical to use reinforced concrete up to spans of 60 to 80 feet; 
the variation in this length being determined by the relative prices for 
structural steel, reinforcing steel, and concrete in any one locality. 

Increased use of all welded composite steel beam and concrete slab 
bridges, will bring the economical span range from 60 to 80 feet down to 
40 or 50 feet, as well as secure other advantages described hereinafter that 
are not directly reflected in construction cost. 



Fig. 1. Structure "A", view along center line. 


While this paper is primarily designed to show advantages of welding in 
structural steel bridge construction, there are other less tangible but 
important considerations that favor the use of structural steel in bridge 
construction over reinforced concrete. Plastic flow of reinforced concrete 
subjected to high compressive stress, becomes appreciable in long-span 
bridges of shallow depth, and results in poor riding qualities m the bridge 
deck due to excessive dead load deflections between piers over a period of 
time. This undesirable characteristic is not taken into consideration in de- 
termining construction cost, but should merit considerable attention, as the 
center traffic stripe, sufficient roadway width, and the presence (or absence) 
of a smooth riding surface constitute the only items of immediate interest 
to the public highway user. 

Two all welded highway bridges, featuring use of the concrete roadway 
slab as an integral part of the steel girder section, have been designed by the 
writer and constructed by his organization during the two-year period, 1940 
to 1942. These bridges, referred to hereinafter as Structure and 

Structure were designed and constructed to conform to American Weld- 
ing Society specifications, which, however, were not at that time, and are not 
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Fig. 2. Stractuie "A", oblique sid® view. 

now recogni 2 ;ed by the American Association of State Highway officials for 
main stress carrying members. 

The A.A.S.H.O. viewpoint on welding is stated in their 1941 Specifica" 
tions as follows: 

‘^‘Welding is not permissible in main members or their connections where 
the failure of the weld would endanger the stability of the structure. 

Briefly^ this viewpoint says: ‘‘‘'Welding is not reliable. The writer firmly 
believes the reverse to be true, assuming intelligent designing for welding, 
and carefully planned shop and field welding procedures. 

As the two bridges mentioned did not lie on Federal Aid Highway routp, 
it was possible to construct them without adherence to the welding restrict 
tions set forth in the A.A.S.H.O. Specifications. 

By coincidence, Structure ‘‘A” was adjacent to, but on a different high^ 
way route than another bridge to be referred to as Structure ‘'"C”. Both 
bridges cross the same river, and are within two miles of each other, and 
were advertised for bids within a three-month’s period. Structure is on 
a Federal Aid Highway route, however, and could not employ welding for 
main members. 

The concrete slab on Structure “‘C” was not allowed for composite 
action to resist dead load, as welded shear keys were used. The bureau did, 
however, permit its consideration for live load only in view of the relative 
improbability of maximum live loads ever being on the structure. 

It is therefore possible to show comparative costs of the all welded design 
with full composite action of concrete slab versus a similar riveted design, 
with a limited amount of welding on secondary members, and relatively 
little use of the slab in composite action. 

Typical details of Structure ‘‘A” are reproduced herein, together with 
detailed estimates of welding cost, and probable riveting cost if riveting had 
been used. Structure “A” did not conform in all respects to the plans, how- 
ever, for construction of the girder field splices. The contractor elected to 
mill the 61-foot^span rolled girder beams to exact length, to obtain j^dneh 
field welding clearance, rather than use the filler bar arrangement shown 
on the plans. Difficulties arose due to joints not matching up to give a 
uniform J4-inch clearance. Further difficulties appeared in erecting, as 
fabricated lengths did not agree with pier locations. It was agreed on the job 
that the filler bar arrangement, called for on the plans, was preferable to 
the one used. ■ . i; r.-', 

Structure “B” conformed to the plans, but was rather poorly fabricated. 
One noticeably bad shop error was scarfing the bottom flanges of the rolled 
girder beams from under side, instead of top side, reauirincr all nvp.rhpad 
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welding on the bottom flange splices instead of downhand flat welding as 
had been planned. 

Construction pictures of Structures and ‘‘‘’B”, are reproduced here in 
Figs. 1 to 15 inclusive. 

1. Composite Girders — ^Welding offers large economies in the design of 
'composite steel beam and concrete slab bridges, in which the concrete slab 
is used as the top flange of a ‘"tee” girder section. 

Very few composite steel and concrete bridges have been built, because, 
among other reasons, the expense of an adequate riveted shear connection 
between slab and girder is prohibitive. The writer has developed satisfactory 
construction details for this type of bridge, using an all-welded design in 
steel with butt welded field splices in heavy rolled beams and welded shear 
keys. Two structures of this type have been built by the writer’s organisa- 
tion and are the first of their particular kind to the best of his knowledge. 

Rolled steel beam and riveted steel plate girder spans represent one of 
the earliest modem types of bridges. Scientific development of design and 
construction of reinforced concrete to its present high standard of quality 
has led to the use of a concrete deck slab supported upon longitudinal’ steel 
beams or girders. This highway bridge type is the most successful one ever 
developed, as ‘’’time” deflection of the concrete slab due to plastic flow pro- 
duces transverse deformation only and does not affect the siirface riding 
qualities of the bridge. 

Very few bridges of this type, however, have used the concrete slab as 
a top flange. This has been due primarily to the expense of developing a 
good riveted shear key to resist the horhontal shearing stresses created 
between the top girder flange and the concrete slab that occur whenever 
the girder section receives load and is deformed by the resulting bending 
moment. To ignore this stress is to assume that the slab will slip along the 
top flange of the steel beam. Actual results show an imdetermined amount 
of friction. Because it is undetermined, two bad effects result: 

1. The ability of the slab to resist stress is neglected, resulting in the 
use of an excessive amount of steel in the girder. 

2. Dead load deflections cannot be accurately determined. This fre- 
quently results in undesirable riding qualities of the finished bridge deck, 
when an estimated (rather an assumed) deflection fails to materialSe, or is 
excessive. A positive shear connection permits an accurate determination of 
deflection of the composite section, subject only to the usual variation in 
modulus of elasticity of the concrete. 



Rg. a. Structure view along centor line. 
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Welding is ideal to overcome this condition as it permits practically any 
type of key to be connected to the flange using fillet welds of proper length 
and size to develop the horizontal shearing stresses, 

2. Shear Keys — riveted shear key on a rolled beam requires the drill- 
ing of holes in an otherwise blank top flange. (All of the deeper wide flange 
sections have a flange too thick to punch) . 

An angle shear key is probably the only satisfactory type using rivets, 
but it requires a horizontal leg of sufficient length to accommodate a line of 
rivets. The vertical angle leg, however, is the only useful part of the key 
as the vertical area in contact with the concrete times the permissible unit 
bearing stress against concrete in a confined area determines the value of 
the key. As this vertical leg is subjected to heavy bending stress a fairly 
thick leg is necessary to permit any reasonable height of angle. As the 
horizontal leg must be equally thick and of sufficient width to accommodate 
rivets, 50 per cent or more of the angle weight is wasted in engaging rivets 
rather than resisting bearing shear. 



Fig. 4. Structure "B'"# abllque side view. 


Zee shapes have been used for this purpose but are difficult to obtain 
due to infrequent rolling schedules and require even more metal. They 
do serve to lock the slab down to the beam, which, however, is an advantage 
more apparent than real, because bending stresses in a beam do not cause 
vertical separation of beam elements, 

A welded shear key comparable to a riveted angle is a single bar of 
proportionate height and thickness welded to the flange. No metal is 
wasted; all of the key is used to resist bearing. A welded key therefore 
weighs 50 per cent or less than a riveted key of equal shear value. 

From a practical standpoint further economies appear. Rivets in an 
angle must be arranged symmetrically in pairs using not less than two rivets 
to secure equal loading. This means that the shear key value changes by 
increments of 12000 pounds or 16000 pounds (for %-inch or ^-inch rivets). 
Welded shear keys may be proportioned to any shear key value, using a size 
and length of filet weld to meet exact requirements. 

Considerable waste is therefore present in the riveted arrangement, as it 
is unusual when equal strengths will result in both rivets and angles; further, 
angle widths in the desired range vary by J^'inch units, whereas, flat bars 
for welding may be obtained from stock in ,]4^inch increments. Extreme 
flexibility in design is therefore obtainable with the welded key in addition 
to the initial weight saving of 50 per cent or more. 
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Fig, 5, (lefi). Structure "A", steel erection falsework. Fig. 6, (right). Structure ''A", general 

steel arrangement 

3. Girder Splices — butt welded field girder splice is used with the fob 
lowing essential characteristics: 

a) A nominal 2dnch field clearance between ends of girders is pro** 
vided for erection purposes 

b) Ends of beams are square cut (either hot sheared at the mill or 
flame cut in the fabricating shop) . 

c) Flanges and webs are scarfed for welding. Flanges are scarfed 
from the top only with single Vee to permit down hand welding. Webs 
are scarfed from both sides for a double Vee weld 

d) Filler bars of proper width are inserted into the opening, and field 
welded to each end of each girder. 

Allowable stresses on this type of joint are 85 per cent of the full section 
in conformance with American Welding Society Specifications because of 
the single Vee flange weld. This is ample, however, as the splice is always 
located near the 0.25 point in the span where maximum positive or negative 
moments for dead plus live load rarely exceed 40 per cent of the beam 
strength. The advantage of down hand welding is considerable, as overhead 
welding from staging hung on the beam is difficult and expensive. A final 
overhead pass is necessary on the flanges after cleaning out the root of the 
first down hand pass. 

The nominal 2''inch field clearance requires filler bars l%dnches wide, 
and of thicknesses equal to beam flange and web thicknesses for proper butt 
welding of the splice. As the nominal 2''inch clearance may vary con' 
siderably, due to mill cutting tolerances if hot sheared, and temperature at 
time of erection, stock lengths of bars in widths varying by J^'inch arc 
made available to the job, thus insuring a field welding clearance on each side 
of the filler bars of not greater than J/g'inch. These bars are readily flame 
cut to length in the field. In the event a tapered filler bar becomes necessary 
due to vertical curve, camber or inaccurate beam cutting, a suitable bar can 
be flame cut to proper shape at the job with little trouble. 

For greatest economy composite beam and girder spans should be sup' 
ported at their 3rd points with temporary bents until the slab has been 
poured, as it permits the composite section to resist full dead load, as well 
as live load. It also fiimishes false work for steel erection which, while not 
essential, is very desirable and affords opportmity to jack the beam into 
exact position at the splice and requires a bare minimum of snlicinc material 
for fitting up purposes. 
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In the two completed structures described herein, two small splice plates 
fastened on one side of the web, with 2 bolts in each plate were sufficient to 
rigidly hold the splice in position for field welding. These were removed 
as soon as tack welding of the filler bars was completed. The sequence of 
welding at a typical splice is shown in the accompanying photographs. 

The contract drawings and specifications outlined general requirements 
to the effect that step welding was to be used and total amount of weld 
kept symmetrical about both axes of the beam. The welding schedule for 
field splices provided for welding of all splices in any one span and uniformly 
working from this span in both directions toward a deck expansion joint. 

Temperature and shrinkage stresses in the splice during the welding 
process were largely eliminated by providing for a temporary sliding con^ 
nection on each pier. This procedure reduced shrinkage stresses due to 
welding to a minimum and assured an accurate control of temperature 
stresses in the finished structure. Girders were welded down to the piers, 
only after all splices were welded, concrete deck poured, and at an average 
air temperature for the region. 



Fig. 7. Strttcti3ie progms view siiowliig steel erectioa gnd conorefe deck 8lcd» iovxns. 


4. Pier Bearings — ^The pier bearing is a compact welded plate assembly 
a 2j4''iich wide rocker bar resting upon a ba^e plate. The edges of the 
rocker are chamfered to prevent excessive edge stresses when beam rotation 
occurs due to deflection. This construction is much less costly than machine 
ing the rocker bar to a large radius and serves the same purpose in a prac^ 
tical way as the angular deflections at this joint, due to live load and 
temperature, are extremely small. Small keeper bars prevent lateral and 
longitudinal slippage and effectively transmit temperature and earthquake 
stresses to the pier, yet do not interfere with the hinging action of the joint 
for rotation. 

As noted above under '‘'Girder SpEces'’, the pier assembly is field welded 
to a small beam set flush into the top of the concrete pier. This beam con- 
tains less steel, is more rigid than a base plate, requires no anchor bolts, and 
is therefore less costly, and more satisfactory. 

Tlie absence of anchor bolts in tihe welded assembly is particularly 
helpful during construction, as a slight misalignment in any direction is of 
no consequence. The bearing beams must be held to proper grade, which, 
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Fig. 8, (l&ft). Structure "A", underside view. Fig. 9, Crigbi). Strachire "A", aide Tie-w 
showing typical pier ond deck details. 


however, is not difficult, as the beams bolt through the top flange to cross 
struts directly to the pier forms. 

A similar bearing assembly design in riveting would involve expensive 
counter^sinking of rivets and in general produce a weak joint. For this 
reason, other types of bearings, such as a steel pin between two steel castings, 
have been more satisfactory than a riveted bearing. The total cost of this 
welded bearing plate assembly is approximately 20 per cent of a steel 
assembly, and is distinctly more compact and better appearing. 

5. Cross Diaphragms — Intermediate cross diaphragms between longi" 
tudinal girders in a bridge serve two purposes: 

(1) , distribution of live loads between girders when live load is applied 
eccentrically to the bridge in the central portion of the span. This ec" 
centricity results in unequal girder deflections, and creates severe shearing 
and bending stresses in the intermediate diaphragms. 

(2) , provides rigid edge support to the roadway slab at slab expansion 
joints. A rigid diaphragm is very important at these locations, as the 
passage of live load across an open slab joint, causes high impact and a rough 
riding surface unless both edges of the slab are at the same elevation and 
rigidly supported. 

The alhwelded diaphragm used in this design is shop fabricated from a 
14>in€h WF @ 30 pounds and two gusset plates, one at each end, butt 
welded against the beam flange parallel to the beam web. 

The intermediate diaphragms are erected with the 14-inch beam sup^ 
ported upon the bottom flange of the girders with gusset plates lap welded 
igainst stiffener plates on the girder webs. Two erection bolts are used to 
bold the diaphragm in position for field welding. Weld positions are ar- 
ranged to eliminate overhead welding. The roadway slab docs not rest upon 
these diaphragms, as it is important that transverse slab supports be elmii' 
aated as far as possible in the interests of a good riding surface, for reasons 
described earlier in this paper, ^ ^ 

End diaphragms at expansion hinges are identical to the intermediate 
diaphragms, but lap under the girder top flanges, with gusset plates under 
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neath. The roadway slab is supported upon these diaphragms as noted 
above. 

The diaphragm design described herein, and shown in the accompanying 
illustrations has proven very satisfactoiy in the finished structures. The 
decks are noticeably more rigid than similar riveted structures under passage 
of live load in spite of the high ratio of length to span depth and show a 
marked reduction in vibration due to live load impact. While the rigidity 
is accomplished principally by making full use of the slab with a good type 
of welded shear key, the alhwelded diaphragms play their part in reducing 
the live load impact vibration that is noticeable to a marked degree in an alb 
riveted span. 



Fig. 10, Structure /'A", outside girder showing completed field splice. 


6. Girder Expansion Joints — Girder expansion joints, necessary to relieve 
temperature stresses, are located near the quarter point of a span to avoic 
disrupting the continuous girder arrangement. Distances between joints are 
dependent upon the flexibility of the concrete piers supporting the girders 
which in the two structures described, were made as slender as possible anc 
attached with a hinged connection, described earlier in the paper, to eact 
girder. 

In one of the structures described, pier heights were sufficient to permit 
a distance between expansion joints of 390 feet. This distance creates a 
total change in length of 3 inches over a 100-degree temperature range, 
requiring a normal joint opening of iV^dnches + 1-inch clearance, or 2^2' 
inches. 

Two tension hanger plates, suspended from a steel pin through the 
cantilever side of the expansion joint, support the span on the other side 
of the joint by a similar pin. These pins extend through the girder webs 
which must be reinforced with pin plates for bearing against the pin. 

The pin plates are welded to the girder webs prior to boring the pin 
holes. As welding produces a rigid connection, in contrast to the consider- 
able slippage necessary to cause a riveted joint to act, welded pin plates 
are definitely more satisfactory than the riveted for this purpose. 

Lateral motion of the span beyond the expansion hinge, due to wind or 
seismic forces, is prevented by two small guide bars, welded on one side of 
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Fig. 11. Structure "A", sidewalk and railing details. 

one joint to the girder flange and bearing against guide bars on this other 
flange. The detail is readily put together and field welded after. The girders 
are assembled and adjusted to line and grade. 

General Data 


Structure TC]' 


Total length 

Total width 

Typical span length 

Roadway width 

Sidewalks 

1374' 

35'-6^ 

61' 

26' 

1—5' 

260' 

30'-4" ‘ 
58' 
26' 
None 

630' 

SO'-^" 

59'-6'' 

26' 

Kone 

Structural Steel 



(a) Total weight in pounds 

(b) Unit price per pound, fabrication ... 

(c) Unit price per pound, erection 

665,850 

$0,065 

$0.02 

125,650 

$0,07 

$0.02 

323,000 

$0.0625 

$0.02 

Concrete (Structure) 



(a) Total volume in cubic yards 

(b) Unit price per cubic yard, in place ... 

Total cost of bridge 

Unit cost per square foot 

2025 

$18.50 

$169,920.00 

‘i;3.54 

410 

$22.00 

$33,945.00 

$4.30 

960 

$18.00 

$83,220.00 

$4.35 


Shop Welding Costs 


Size 

Type 

Q 1 EleC' 

trode 
Pounds 
p^Foot 
of Weld 





Total 

lineal 

Feet 
of Weld 

Total 

Cost 

Labor 

Elec' 

trode 

Power 

Unit 

Total 

5/16" 

Flat 

271/2 0.285 

.04 

.03 

.005 

.075 

7928'-0" 

$594.60 

3/8" 

Flat 

20 .37 

.05 

.04 

.007 

.097 

916'-11'' 

88.94 

Vi" 

Flat 

10 .70 

.10 

.08 

.014 

.194 

SOS'-?" 

58.89 


Flat 

17^2 .36 

.06 

.04 

.007 

.107 

143'-9" 

15.38 








..$ 757.81 







.. 757.81 



............ 













.. 1515.62 







.. 1515.62 




Total shop cost — — $3031.24 
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Field Welding Costs 


Elec' 
trode 
Pounds 
Per Foot 
of Weld 


Operation Factor 100% 


Cost in 

Elec- 

trode 

Dollars- 

Power 

Unit 

Total 

Total 
Lineal 
Feet 
of Weld 

Total 

Cost 

.04 

021 

111 

80'-6" 

8 94 

05 

024 

174 

89'-0" 

15 48 

06 

031 

211 

497'-8" 

m 01 

08 

042 

292 

265'-8" 

77 68 

20 

10 

50 

lll'-2" 

55r 59 

27 

.13 

65 

53'-8" 

34 08 

30 

.17 

78 


5 97 

...$ 302 75 





... 302.75 


Total 

Profit, Overhead, Etc . 100% 


Total Field Cost 

Total Welding Cost 

10% Contingencies 

Grand Total Welding Cost 


. 605 50 

. 605.50 

..$121100 
,.$4242 24 
.. 424 22 
..$4666,46 


Shop and Field Punching, Drilling, and Riveting Costs 
Note Unit prices shown represent averages quoted by vanous fabncators, 
and include labor, materials, and all overhead costs 


Punched Holes 
Drilled Holes . 
Shop Riveting 
Field Riveting .. 


Total Shop and Field Cost 


Number 

Unit Price 

Total 

.70,000 

$0 05 

$3500 00 

..30,000 

0 25 

7500 00 

..32,000 

0 20 

6400 00 

.. 7,400 

0 80 

7400 00 

$24800 00 


Note: The drilling and shop riveting required for the shear keys alone represent more 
than 50% of this total. 

Additional Furnishing, Fabricating and Erecting Cost, 

Riveting Over Welding 

Assume cutting, shearing and handling costs identical for both methods of 
fabncation 


Shop and field welding cost, as per accompanying table $ 4666 46 

Shop and field punching, drilling, and nveting costs, as per accompanying 

table — - ’ 24800.00 

Additional weight of metal, as per accompanying table 11840 00 


Net Total Increase In Cost $41306.46 


Additional Weight of Metal for AU-Rivcted Design of Structure ‘*A’^ 


Location Number Unit Weight Total Wt 


Girder Splices 54 @320JJf (average) 17,300. 

Shear Keys 6700 @9 645^^ (net increase) 64,500. 

Pier Diaphragms 46 @216J5f f net increase) 10,000. 

Intermediate Diaphragms 96 @230^^^ (net increase) 23,500. 

Total Weight ............ 115,300. 
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Net Increase in Cost Due to Weight of Metal 

Additional Material Cost — 115,300 lbs. @ $0.0825 (unit bid price) $ 9,500.00 

Deduct Cost of Welded Pier — 69 units x 47 lbs. each @ $0,085 (unit bid 

price) 280.00 

Additional Cost of Cast — 69 units x 140 lbs. each @ $0.20 (prevailing local 

unit price) - 2,060.00 

Steel Pier Bearings * 

Net total increase in cost due to weight of metal $11,840.00 


Supporting Data for Factors of Judgment — 1. Proportionate cost saving 
in percentage per complete unit produced by arc welding over that produced 
by the previous method: 

Two types of savings may be demonstrated for the all welded composite 
Steel and concrete slab highway bridge over similar or competitive types; 

(1) Difference in cost between all welded and all riveted construction, 
both types making full use of the concrete slab as an integral part of the 
section. 

(2) Differences in cost between all welded composite type of construe^ 
tion, usual riveted steel type of construction not utiii 2 ;ing the slab as an 
integral part of the section, and usual reinforced concrete tee beam and slab 
type of construction. 

Saving (1) : Total cost of Structure an all welded composite design, 
is: $169,920. Additional cost in materials, fabrication and erection if this 
structure were redesigned as an all riveted composite design ris $41,306,46. 
This represents an increase in cost of: ” 

^^169^ 24%, or a saving of approximately 16%. 

Saving (2) : Unit square foot cost of Structure ''A”, an all welded con^ 
tinuous composite steel and concrete design, is $3.54. Unit square foot cost 
of structure “C”, an ordinary riveted type of continuous steel beam and con- 
crete slab design, not using the concrete deck slab to resist bending stresses, 
hut similar in all other resoects to structure ''“A’\ is $4.35. Unit square foot 


Fig. 12. Typical pier bearing assembly prior to erection. 
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Fig. 13^ (left). Structure “A'7 underside view of expansion joint assembly. Fig. 14, (right). 
Structure top side view of expansion joint assembly. 


cost of a typical reinforced concrete tee beam bridge, of continuous type 
and similar in all respects to structure ‘‘A”, is $3.94, determined from actual 
designs and costs prepared by the writers bridge design class in 1940 and 
1941, given in evening school, and attended by members of various organic 
2;ations concerned with bridge and building construction. 

$3.54 

Relative costs of structures ‘"’A” and ‘‘’C” are: 76 per cent, or a 

saving of 24 per cent in favor of the all welded composite design. 

Relative costs of structure “A’" and the reinforced concrete bridge are: 


$3.54 

$3.94 


90 per cent, or a saving of 10 percent in favor of the all welded 


composite design. 

Relative costs of structure and the reinforced concrete bridge are: 
= 110 per cent, or a saving of approximately 10 per cent in favor of 


the reinforced concrete design. 

2. Estimated total annual gross cost savings accruing from: 

(a) , use of arc welding by the company with which the author is con" 
nected in producing all structures of the type treated in the paper; 

(b) , use of arc welding by industry in general in producing all structures 
of the type treated in the paper. 

Cost Saving (a) — ^Approximately $2,000,000 was spent by the writer'*s 
organriation in the two-year period, 1940 and 1941, for construction of short- 
span bridges in the 40- to 80-foot span range. Of this amount, approximately 
three-fourths, or $1,500,000 was spent on reinforced concrete bridges. The 
use of all welded composite steel and concrete for all of the structures in the 
reinforced concrete group would have produced a saving: of 10 per cent 
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of $1,500,000, or an annual saving of $75,000. This same type of construct 
tion substituted for the riveted steel design without composite action would 
have saved 24 per cent of $500,000, or an annual saving of $48,000. A 
total annual saving to the writer’s organmation of $133,000 is therefore 
possible. 

Cost Saving (b) — ^Written inquiries sent to all of the State Highway 
organisations in the United States, and to selected municipalities that had 
an appreciable amount of bridge construction, revealed the fact that approxi^ 
mately $30,000,000 was spent during the period 1940 and 1941 on bridges 
of all types in the 40- to ^ 8'0-foot span range. Construction seemed fairly 
equally divided between reinforced concrete and structural steel bridge types, 
and for purposes of this analysis may be taken as 50 per cent for each type. 



Fig. IS. Structure "A", underside view at typical pier. 


A more favorable price relationship with concrete construction for 
structural steel exists throughout the country at large than does in the state 
where the writer’ s organi2;ation is situated, which accounts for the 3 to 1 
ratio in favor of reinforced concrete in the writer’s locality. 

Total annual savings possible, therefore, by the adoption of the all 
welded composite steel beam and concrete slab bridge in the short span 
range of 40 to 80 feet would amount to 24 per cent of $15,000,000 plus 10 
per cent of $15,000,000 or a total of $2,200,000. 

3. Increased service life, efficiency and social advantages accruing from 
the use of arc welding in producing all structures of the type treated in 
the paper. 

Detailed descriptions appear in other portions of this paper to show the 
increased structural rigidity and better riding qualities of the bridge deck 
achieved through the use of all welded composite steel beam and concrete 
construction. These advantages are not definable in terms of cost, yet con- 
tribute measurably to a more satisfactory bridge structure from the highway 
users’ standpoint. Further, the service life of an all-welded bridge with 
composite slab construction is definitely greater than other structural steel 
types, due to the increased structural rigidity. Unfortunately, the two 
structures described herein have not been in operation for a long enough 
time to determine their maintenance cost. The writer feels, however, that 
thev will fullv iustifv his exoectations for lonp and continued service. 




Chapter IV— Welded Grade Separation Structure 
By John F. Willis, 

Engineer of Bridge Design, Connecticut State Highway Department, 
Hartford, Connecticut 


Subject Matter: A girder-type highway bridge, 335 feet long 
overall and featuring longitudinal and transverse cantilevers, TOth 
a steel super structure mat consists entirely of plates and flats 
assembled by welding. Stirrups unite the floor slab to the girders 
to secure the benefit of composite action. 


Handling the tremendous volume of traffic on our highways today 
promises to present one of the most difficult and most interesting problems 
which has so far confronted the highway and bridge engmeers. 

One very satisfactory solution, even if only partial, is the dual or four 
lane divided highway which is rapidly gaining popularity in almost unbe- 
lievable proportions throughout the United States. 

But, in order to maintain a free and uninterrupted flow of traffic at all 
times it is of vital importance that all intersections, highway or railroad 
be separated. 

Structures to perform this function range from relatively simple square 
bridges to elaborate long spans designed to carry one dual highway over 
another of the same type or a dual highway over an irregular diagonal 
intersection of two streets, each of which has a fairly heavy volume of 
traffic with which to contend at times. 

Such as the latter are the prevailing conditions which necessitate the 
type of design described in this paper. . 

This structure will be one of nine, differing widely in design and type, 
which carry the — — — By Pass, a dual parkway connecting U. S. Route, 

No. — with the new — River Bridge between and 

and is the principal west approach thereto. 

A site plan of the location is shown on Fig. 1, a study of which should 
reveal the reason for the length of span and some of the other features 
mentioned later. s* 

From this plan it should be evident that Franklin Avenue, one of the 
main arteries leading southerly, carries the preponderance of traffic on the 
lower level at this intersection. Jordan Lane, east-west road, while decidedly 
secondary to Franklin Avenue, bears a considerable traffic load during 
certain periods. 

Because of the irregularity of the intersection and the traffic conditions 
above referred to, it was decided that a single span, or at least a series of 
spans without an intermediate support would give the only really satis- 
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factoiy solution, when, as always, safety is to be the item of primary 

consideration , „ i i r 

It will be noted that the total width overall is 83 ^10 and because of 
this unusual width it was necessary to set the abutments back sufficiently 
far to clear all street lines Narrower piers between the abutments shorten 
the clear span as shown on Fig 2 

The suspended span and the two longitudinal cantilever spans give 
a total clear span of about 165 feet or 170 feet center to center of piers 
shown on Fig 2, the structure then consists of two anchor spans of 80 feet 
each, two longitudinal cantilever arms or spans of 25 feet each and one 
suspended span of 120 feet, making a total of 330 feet center to center 
of end bearings or an overall length of 335 feet. 

The two double cantilever arms, which, transversely to the direction 
of traffic, carry the overhanging remainder of the roadway beyond the 
piers Owing to the extremely high bending moment in these members, 

they are double or of the "‘box’’ type 

The wnter does not claim that the transverse steel cantilever construc- 
tion would, in general construction, be the most economical, but the highway 
limits of the intersecting roads on the lower level precluded the use of 
piers of a greater width, consequently the only solution was the transverse 
cantilever Had it been possible to use piers of a width equal to that 
of the abutments, the cost of the structure would have been greatly 
reduced and the erection likewise simphfied, as was discovered in the 
preliminary investigation. 

Design—There bemg no intricate mathematical '‘gymnastics ’ and the 
structure being statically determinate, the design is, for the most part, quite 
simple when compared to arches, frames and contmuous girders of varying 

section. . i 1 r 1 - 

jSfote — ^Thc preliminary figures from which the final span lengths of the 

suspended, longitudinal cantilever, anchor spans and the transverse girder 
spacing were derived, (many combinations were investigated) are not given 
here, nor are the calculations for the design of the concrete deck, nor the 
substructure as they are of no consequence in a paper on welded steel. The 
trial calculations for the steel design will not be given either, as they would 
be of little mterest although reference to them may be frequently made. 

From the accompanying sketches it will be noted that, excepting the 
sway bracing which is composed of angles, the entire steel superstructure 
consists of plates and flats and is assembled solely by arc welding 

As stated in the foregoing the arrangement was determined by the street 
layout and ground conditions 

The 120-foot suspended span will be first considered as the design 
of the remainder of the structure is dependent on the reactions from this 
section However, as this span is entirely different in design from the ortho- 
dox type a bnef description will be given. 

In carrying out the idea of an all welded structure, the pnnciple is 
extended somewhat beyond the scope of merely assembling the plates into 
girders. By this, reference is made to the fact that stirrups are welded 
to the top flanges of all the girders in this span excepting the one at the 
center which supports the center division 

These stirrups are designed to effectively unite the floor slab with the 
girder by developing the honsjontal shear between these two elements, thus 
converting the simple steel girder into a “composite"’ section, similar in its 
action to the concrete “T’" beam The slab performs the dual function of 
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acting as a compression flange and also directly carrying the superimposed 
load and transmitting it to the other structural members 

The design of this type is almost identical with the ''T” beam so the 
same design procedure will be followed and the same nomenclature used 
as may be found m almost any one of the numerous textbooks on reinforced 
concrete 

All steel properties are converted into their equivalent concrete values 
by the ratio of their moduli of elasticity, or, “n” == 10 

Diagram, tables of section makeup, nomenclature, formulas and other 
details are given in Fig 3 

For the purpose of determining the moments and shears, the dead and 
live loads are now investigated 

Dead. Loads — Pounds 


per 

Lin. Ft 

Slab (7" X S'O'O = 5 X 88 440 

Haunch 1 84 + 2 33 X .33 X 150 104 ' 

Future Wearing Surface 25 lbs. per sq. ft. = 5 X 25 125 

Top Flange 18" X about 39 

60 

Bottom Flange 18" X 1 X about 39 

Bottom Flange 18" X K about 23 

32 Stiffeners S" X H" X 5M " = 25 

20 Stiffeners 8" X H" X 5'-4" = — 18 

Sway Bracing 6" X 4" X H" Ls 


16.17 X 10 4 X 8 (braces) 12 

Web Plate 64" X Ke" 96 

Weld Metal and Miscellaneous 29 


Total — 950 

Max. Dead Load Moment — 

950 X 120 X 120 E 20,520,000 inch-pounds 

o 

From the viewpomt of pure theory this method of calculating the dead 
load moment is not strictly correct, the varying thicknesses of the lower 
flange plates do not give an even distribution of their weights, the weights 
of the stiffeners and sway braces are not distributed but are concentrated, 
however, the difference in the final total moment is so small, compared to 
the total of the sections which are of constant uniform section and weight, 
that It is neglected here 

The live load used is what is commonly known as the equivalent 

to one twenty ton truck preceded and followed by as many fifteen ton trucks 
as may be possible to place m each trajfic lane. In the simplified form this 
is converted into a uniform load of 640 pounds per lineal foot of each ten 
foot lane and a single concentration of 18,000 pounds per lane, placed at 
the critical point For shear the 640 pound distributed load is also used 
but the concentration is increased to 26,000 pounds 




(obore) Hcdl elevafloa. Fig. 6« (below) HoU eloTation tfousverse ccmfUeirer. 
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In this design the girders are on five^foot centers, therefore one half of 
the above loads are used 

The dynamic increment by which the livedoad stresses are increased to 
provide for the shock or the effect of the sudden application of moving 
loads IS based on the loaded length of structure, or m this case the span 
under consideration For moment the maximum live load stresses are prO" 
duced from fully loading the span while for shear the greatest stresses depend 
on the position of the loads 

The American Association of State Highway Officials formula for impact 
IS used for this design and is 

I = where I is the percentage of live load to be added and L is 

JL *T“ 

the loaded length used to produce this effect. 

The bending moments, tabulated below, are given at ten foot intervals 
from a point ten feet from the beanng pm to the center This was done for 
the purpose of investigating the possibility of a reduction of the flange 
areas While the upper flange was maintained at a constant section for 
Its entire length, the lower is spliced at the quarter points, thereby affording 
a substantial saving of steel, (30,335 pounds in the 16 girders) 

The table of vertical shears is given (at shorter intervals, 4 feet) for 
conversion into hornjontal shears which will be used to determine the 
stirrup spacmg 

The moment of inertia has been calculated for the steel section and 
the composite at two points, the center and at the point where the section 
changes. 

Dead Load Moments 


Point 10-M (57,000 X 10) - (950 X 10 X 5) 

Point 20~M = (57,000 X 20) - (950 X 20 X 10) 

Point 30-M = (57,000 X 30) - (950 X 30 X 15) 

Point 40-M = (57,000 X 40) - (950 X 40 X 20) 

Point 50-M = (57,000 X 50) - (950 X 50 X 25) 

Point 60-M = (57,000 X 60) ~ (950 X 60 X 30) 


Foot.'Pounds 

i InchTounds 

522,500 

6,270,000 

950,000 

11,400,000 

1,282,500 

15,390,000 

1,520,000 

18,240,000 

1,662,500 

19,950 000 

1,710,000 i 

20,520,000 


The uniform live load moments are of the dead load moments or 33.68 
per cent and are tabulated below. 

18 (X)0 

The hvedoad concentrated moments are calculated from the — ^ — load 
described previously and are* 


Poitit 10-M = — 

^ , 120 
Poult 20~M = 

Point 30-M = — 

Pomt 40-M ~ 



Foot-Pounds 

InchTounds 

120 - 10 X 9 000 X 10 

120 

82,500 

990,000 

120 - 20 X 9.000 X 20 

120 

150.000 

1,800.000 

120 - 30 X 9,000 X 30 

120 

202,500 

2.430.000 

120 - 40 X 9.000 X 40 

120 

240,000 

2.880.000 

120 - 50 X 9»000 X 50 

262,500 

3,150,000 

120 - 60 X 9.000 X 60 

270.000 

3.240,000 
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Below are tabulated the bending moments as derived from the above 
calculations, rounded out to the nearest lO-inch pounds 


Point 

D L Mom. 

L L 

Unf Mom 

L L 

Cone Mom 

Impact, 

21% 

Total 

Mom 's 

10 

6,270,000 

2,111,736 

990,000 

651,365 

10,023,100 

20 

11,400,000 

3,839,520 

1,800,000 

1,184,300 

18,223,820 

30 

15,390, OCK) 

5,183,352 

2,430,000 

1,598,804 

24,602,150 

40 

18,240,(X)0 

6,143,232 

2,880,000 

1,894,879 

29,158,110 

50 

19,950,000 

6,719,160 

3,150,000 

2,072,524 

31,891,680 

60 

20 , 520,000 


3,240,000 

2,131,920 

1 

32,803,920 
= 32,804,000 


The following data relate to the diagram of Fig 3 


Symbol 

Description 

0-'30 

30-60 

b 

Width of cone compression flange 

60'' 

60' 

b' 

Width of block or haunch 

26" (mean) 

26" 

t 

Thickness of compression flange 

Y 

7" 

h 

Total height of composite beam 

76 875" 

76 875" 

d 

Effective depth, C/G steel to top cone 

49.58" 

43 63" 

d' 

Height, top of steel to top of cone 

11 0" 

11 0" 

n 

Ratio of moduhi of elasticity 

1 10 0 

10 0 

As 

Area of steel girder, sq ins 

61 75" 

52 75" 

Is 

Moment of inertia of steel girder. 

1 43,028 89 

35,067 77 

kd 

Distance of neutral axis from top cone 

30 93" 

26 60" 

I 

Moment of Inertia of composite Sect 

1 1,081,556 

820,352 


In the following tables the dead, live load uniform, live load concentrated 
and impact shears are recorded From the total vertical shears thus derived 
the hori 2 ;ontal shears arc found and the spacing of stirrups to resist these 
shears is determined. 


Vertical Shears 


Point 

D. L V. 

L L 

Un. 

L L. 
Cn 

Leng 

L’d 

%i 

Impact 

Total 

0 

57,000 

19,200 

13,000 

120' 

210 

6,760 

95*960 

4 

53,200 

17,940 

12.570 

116' 

210 1 

6,410 

90,120 

8 

49,400 

16,730 

12,130 

112' 

210 

6,060 

84,320 

12 

45,600 

15,530 

11,700 

108' 

215 

5,860 

78,710 

16 

41,800 

14,420 

11,270 

104' 

22 0 

5,650 

73.140 

20 

38,000 

13.330 

10,830 

100' 

22 0 

5,320 

67.480 

24 i 

34,200 i 

12,290 

10,400 

96' 

22 5 

5,110 

62.000 

28 

30,400 

11,290 

9,970 

92' 

1 23 0 

4,890 

56,550 

32 

26,600 

10,330 

9.530 

88' 

23 5 

4,670 

51,130 

36 

22,800 

9,410 

9,100 

84' 

24 0 

4,440 

45,750 

40 

19,000 

8,530 

8,670 

80' 

24 5 

4,210 

40,410 

44 

15,200 

7,700 

8,230 

76' 

25 0 

3,980 

35.110 

48 

11,400 

6,910 

7.800 

72' 

25 5 

3,759 

29,860 

52 

7,600 

6,170 

7,370 

68' 

26 0 

3,520 

24,660 

56 

3,800 

5,460 

6.930 

64' 

26 5 

3.280 

19,470 

60 



4,800 

6.500 

60' 

27 0 

3,050 

14.350 
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In the foregoing as in subsequent tabulations ''point” refers to the distance 
from the :iero point or the end pin The term “Length” m all tables indicates 
the length loaded to produce the stress in question 

The numerical values are substituted and the solutions given for the formulas 
for “kd" and “I”, as shown on Fig. 3- 


2 X 10 X 61.75 X 49.58 + 60 X 49 
2 X 10 X 61.75 + 2 X 60 X 7 


I — Cone. Slab 


60 X 29,589.5 — (34 X 13,703) 

3 


436,489 


I— Converted Steel Sect. = 10 X 43,028.89 = 430,289 

I — Converted As about neut, axis = 10 X 61.75 X 346.82 214,778 


Total "I” composite Sect. 


1.081,556 


This is for the section between points 30 and 60 By the same procedure 
we find that for the section between points 0 and 30, — 

kd= 26 6" 

1 = 820,352 

The horizontal shears are now calculated and the stirrup spacing 
determined 


Point 

Vert Shear 

Hor Shear 

Theo Spac 



- Vs/H 

Theoretical spacing as indicated 
here is based on the use of in 







0 

95,960 

1,770 

. 4 50" 

square bars 

4 

90,120 

1,660 

4 80" 


8 

84,320 

1,560 ^ 

512" 

Because of difficulty in obtaining 

12 

78,710 

1,450 

5 51" 

some sizes, the size bar to be actU' 
ally used is not known at this 

16 

73,140 

1,350 

5 92" 

20 

67,480 

1,250 

6 40" 

writing 

24 

62,000 

1,150 

6 95" 


28 

56,500 

1,050 

7 60" 


32 

51,130 

900 

8 88" 


36 

45,750 

800 

10 00" 


40 

40,410 

710 

1120" 


44 

35,110 

620 

12 90" 


48 

29,860 

530 

15 00" 


52 

24,660 

430 

18 60" 


56 I 

19,470 

340 i 

23 50" 


60 i 

14,350 

250 

32 00" 



In the above tables the horizontal shear = 


Vert. Shear X Q 


where “Q" 


IS the statical moment of the compression slab about the Neutral axis. 

For points 0 to 30 30 to 60 

Q = 15,158 == 18,964 

Q/I - 0.01847 = 0.01753 

“Vs” in the above table is the value of a one^half inch square stirrup bar 
at 16,000 pounds per square inch. The bar is looped around so as to dis^ 
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tribute the stress in tlie concrete 3.nd contact tbe top flange of tlie girder 
at two points, giving it double the value of a stirrup which is welded to the 
flange only once. This value is its tensile worbng strength or 2 x 4000 = 

8.000 pounds r i i i 

The reason for using 16,000 pounds unit stress for this element wnen 

18.000 pounds is used in all remaining steel bars or plates is to compensate 
for possible damage from weldmg a light bar. 

The "Theoretical Spacing” m the table is what may be used for the 
average spacing of stirrups in any section between calculation points (Please 
see note in Appendix with reference to this) 

An inspection of the two formulas developed in the proceeding reveals 
that; for the moment of inertia of the composite section, the three terms 
embodied therein conform to the accepted criterion, that the location 
neutral axis is found precisely in the same manner as in the concrete T 
beam. 

The si5;e of sitrrups and their spacing now having been determined, the 
final step for this phase of the design is that of calculating the welding 
re<|uired to develop the full strength of the bars to be used 

While the tension in the stirrups is assumed at 16,000 pounds per square 
inch, the welds will be designed to develop the full 18,000 pounds stress 
(This favors safety rather than economy) 

1 r t r IS, 000 , 

If the one-'half inch bar is good for a tensile stress ot 4,500 

pounds, the weld required, using }/ 4 unch fillets at 1,600 per linear inch, 
2 Shinch or if Yie^’inch fillets at 2,000 pounds are used, 2 25 inches will be 
required for each end, of which two inches will be made along the sides and 
slightly more than one quarter inch at the ends 

The stresses in the girder or the composite member in its entirety will 
next be considered f 


From the moment tables we find that the maximum bending moment is 

32,804,000 inch-pounds. The section modulus of the concrete or compression 
face 16 , from in Fig, 3, 

=; 34,967 fc = = 938 pounds per square inch 

30.93 Sc 

and that for the steel or tension face is = 2354 

fg ~ = 13,935 pounds per square inch 

os 

(Please refer to Appendix with reference to the understress of the steel 
tension flange) 

By the same procedure we find that the concrete stress at about pomt 30, 
the reduced section, is about 800 pounds per square inch and the steel stress is 
about 15,000 pounds per square inch. 

The next step is to design the weld necessary to properly unite the ^ web 
and flange plates. The following formula is used to determme the value ‘'Q'" 
which appears 

Q'-Q + nXA^Xj = 18,964 + (10 X 1T25 X 19.62) - 21,174 


H 


Vert. Shear X Q' _ 95,960 X 21,174 
I 1,081,556 


1888 pounds par lineal inch 
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From the above it is readily seen that two %6-mch fillets are more than 
adequate to resist this stress. 

There is but one more operation to complete the design of the suspended 
span girders, the design of the end pms and bearings. 

The maximum end reaction is 95,960 pounds. Using a shear value of 
11,000 pounds per square inch for carbon steel, the required area of the 
pin is 8 72 square inches which would be safely carried by 3J4-inch pm. 
For bearing on pms subject to rotation the allowable value or working stress 
is 12,000 pounds per square inch which necessitates about four square inches 
for each link or eight square mches for the bearmg area of the web The 
bearmg area of the latter consists of one Pl.%6-inch web, and two pin 
pulleys each Vz'inch. thick, the bearing area of which is l^g-inchx SVi'hich 
= 5 03 square inches. Inasmuch as this is not a complete case of rotation, 
but somewhere between that and a stationary pm, the area of both pin and 
beanng are sufficient. 

As previously stated, there are two onehalf inch pm plates, a seven- 
sixteenths web plate and in addition there are two one-quarter inch spacers 
and two suspension hnks, each one mch thick. The distance cen. to cen links 


is 2.9375 inches, therefore the bendmg moment m the pm is 


95,960 X 2 9375 
4 


= about 70,500 inch poimds At 27,000 pounds extreme fibre stress, a 



Fig. 3 . SdcHon makeup. 
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Sj/i'inck diameter pin has a resisting moment of 113,600 inch pounds It is 
quite evident that bearing governs As the pin is in double shear, one-half 
the shear values given above should be used 

Each pm plate takes approximately one-third of the total shear, or about 
32,000 pounds Using a hole diameter of =^%6-inch and a working stress 
of 13,600 pounds per square inch, each plug weld for attaching these plates 
IS good for about 7,000 pounds, therefore five such plugs are required 
per plate 

The stiffeners are arbitrarily placed, are welded to the web and top 
flange and milled to bear on the tension flange. 

The center girder is designed to carry the same loads as the girders 
under the traffic lanes with the exception of a future wearing surface of 
25 pounds per square foot 

Because of the necessity of having an expansion in this superstructure, 
in a lateral direction and also owing to the increased height of this girder, it 
was not considered economical to use the composite construction 

While the 1 l-foot-2-inch center mall is intended to act as a traffic separa- 
tion, because of the low curb it is possible that one or more heavy vehicles 
could travel over it, accidentally or m some possible military or other emer- 
gency Based on this assumption, the same live and impact loads as used on 
the main traffic lanes will be used here 

Dead Load — Slab and haunch 500 pounds per lineal foot 

Girder 290 pounds per lineal foot 

790 pounds per lineal foot 


Inch Pounds 

Dead Load Mom. = 790 X 120 X 120 X 1 5^ = 17,064,000 

Live Load Un Mom 6,912,000 

Live Load Con Mom 3,240,000 

Impact - 2,131,920 


Total 29,347,920 

Without demonstrating further, the Moment of Inertia of the steel section 
is 61,569 and the Section Modulus is 1,664 02 

Dividing the moment by the latter we have, fs = 17,636 pounds per 


square inch which is shghtly below the allowable for tension in the flange 
The compression flange is thoroughly imbedded in the slab so the same 
stress IS also permitted. 

As m the case of the other girders, a %6'ii^ch fillet weld is more than 
sufficient to transmit the hon2;ontal sheer between the web and flange 
One more item concerning the suspended span which should be con- 
sidered is the deflections in both the roadway and center spans 


Center Girder 


‘‘E” = 29,000,000.. 
“I” = 61,570.. 

Dead L’d D 
L.L.U. D 
L.L.C. D 


5 X 94,800 X 1,728,000 X 1,728 
384 X 2y, 000,000 X 61,570 ' 



790 

9,000 X 1,728,000 X 1,728 
48 X 29,000,000 X 61,570 


Inches 


2.065 

.835 

.313 


Total. 


3.213 
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Roadway Girders 

‘‘E” = 2,000,000 (Concrete). 

'1’’ = 1,081,556 (Composite) 


Dead L’d D = 


5 X 114,000 X 1,728,000 X 1 J28 
384 X 2,000,000 X 1,081,556 


9,000 X 1,728,000 X 1,728 
48 X 2,000,000 X 1,081,556 


2,05 

69 

.20 


Total 2 94 

The center or suspended span is supported by longitudinal cantilever arm£ 
25 feet in length, the design of which will next be considered The calcula 
tions for the roadway cantilevers will be given only, the center girder i£ 
handled the same way and differs only in section makeup 

Dead Loads are as follows 


Top pi 16"' X VA" X 9'-3" 23#/ft 

Top pi 18" X X 26'-6" 42#/ft 

Web pi 66" X Vie" X 23'-6" 99#/ft 

Bott fl pL 18" X 1%"' X 12'-0" 5'4#/ft 

Bott fl pi 18" X X 10'-6" 21#/ft 

12 Stiffs 8" X yV' X 5'-6" 12#/ft. 

Sway Brae 10#/ft. 


Sub-'total for steel 261#/ft. 

Cone Slab (7" X 5'-0") 440#/ft. 

Haunch 25#/ft 

Future 2" wearing surface (5 X 25) 115# /ft 

Misc details 49:#:/ft 


Total D L /ft cantilever-...900 pounds 

DL Mom from above, 900 X 25 X 12 5 X 12 = 3,375,000 inch pounds 

Note — ^As in the suspended span, all steel members regardless of length 
are distributed over the entire length of the girder, except, however, as 
follows at the extreme end of the cantilever there is a concentration con- 
sisting of pin plates, pins, nuts and separators, all of which weigh approxi- 
mately 300 pounds, the D L Mom. from these is 300 X 25 X 12 = 90,000 


Inch Pounds 

Total DL Mom 3,465,000 

LL Mom-Unif 320 X 25 X 12 5 X 12 1,200,000 

Impact Unif 33 per cent - 400,000 

Mom from sus span in cl concentration, 96,000 X 25 X 12 = 28,800,000 

Total cantilever Mom = 33,865,000 


5 L2 

Allowable stress(COmp)in bottom flange = 18,000 jp- 

L = distance between sway bracing and B is width of flange. 

180" X 180" 

fs = 18,000 — 5 X ig/> = 17,500 pounds per square inch 
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Stress = = 16,004 pounds per square inch. Average over whole 

67 X 31*5 

section. , r iH 1 L 

If the upper plate is assumed to carry the full 18,000 pounds per square inch 

in the top chord, the resisting moment of that plate is, 18 X 18,000 X 67.5 == 

21,870,000 inch-pounds. 

The remainder of the moment is then carried by the butt weld then, is: 

= 14,580 pounds per square inch. 

66.5 X 12.37 

If the stress is distributed over the entire tension section it is : 

_ 16,640 pounds per square inch. 

30.37 X 67 ’ ^ 

Willie the stress earned through the butt weld is about 8 per cent in 
excess of the usual allowable stress of 13,500 pounds per square inch for 
fluctuating loads, it should be noted that for several reasons the stresses 
have been calculated somewhat higher than is the actual case 

Pirst, — ^the lever arm of all moments is taken at 25 ft or from the 
center of the pier, whereas it is perfectly permissible to use the clear distance 
of 23-feet-6-inches This would mean a reduction of about 6 per cent in 
the moments 

Second,— All dead and live loads are figured somewhat greater than 
what the actual case will be 

Third, — ^The flange stresses are calculated without consideration of any 
moment stress being carried by the web, which is not exactly the case It is 
therefore quite reasonable to assume that the actual stresses developed on 
the tension flange will be on the conservative side 

The shears are now computed for determining the si2;es of welds neces- 
sary to unite the flanges and webs, and webs to transverse webs 

Pounds 

Dead load of cantilever arm' 900 X 25 22,500 

Live load on cantilever arm unif 320 X 25 8,000 

Impact on cantilever arm unif 33j/3% 2,640 

D L , L L , Cone, fe? Imp from sus span. — 96,000 

Total Vert Shear. 129,140 

Net area of web at this point 64^^ X ~ 28 square inches 

= 4^612 pounds per sqi^re inch, unit shear jn web. 

28 

Shear in weld connecting longitudinal web plate with web plate of trans- 
verse cantilever; at 2,000 pounds per Imear inch for %0-mch fillet = 

— 64.57 Imeal inches required and as both sides of web are welded 

the total length is 12 S'", or the stress per inch is 1,008 pounds In addition 
to the weld, each longitudinal cantilever rests on a saddle, consisting of a 
split ‘T’ beam. This takes most of the reaction and facilitates the erection 
We next consider the welds connecting the webs to top and bottom 
flanges 

Moment of mertia of section, I = 66,325 
Stat Mom of bottom flange, Q= 608 58 

Hor Shear = 66 325 ^=1,184 pounds per lineal mch 
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Without demonstrating further, the hon2;ontal shear in the top flange is 
not much different, but owing to the thickness of the flange metal, %^mch 
fillets are used for the first twelve feet from the transverse cantilever where 
the section changes, from which point to the ends %0-mch fillets are used 

At the point above referred to, the section consists of the web plate 
66‘'mches x %5''inch as before and top and bottom flanges IS-mches x 

As the new cantilever arm is now one half the former in length, the 
moments are one half the magnitude of those at the maximum point. 

The bending moment at the half way point, as previously stated, is 
33,865,000 inch pounds X 1/2 = 16,932,500 inch pounds. 

Moment if inertia at this point is 40,000"^ and the section modulus is 
1,127.9^'^ giving a maximum flange stress of 15,012 pounds per square inch 

The reason for this understress as well as other inconsistencies is 
explained in the Appendix. 

The minimum flange weld is used from the pomt under consideration 
to the end, is %6dnch fillet. 

It should be noted that excepting the fillets for attaching stiffeners to web 
plates, regardless of stress few are smaller than 

Anchor Spans 

Balancing the longitudinal cantilever arms are the anchor spans, SO'^O" 
in length from the center of end beanngs to the center of the transverse 
cantilevers 

As in the case of all the other units of the structure the design will be 
earned through in detail 


Dead Load: Pounds 

per Foot 

Roadway Slab, as before 440 

Future Wearmg Surface 125 

Haunch, for support of top flange only 25 


Sub-total 590 

Top and bottom flange pis, 18" X — 2 77 

Web pi 52" X H"' - 67 


18 stiffeners 8" 
26 stiffeners 8" 
5 cross braces 


X 




20.4 X 4.33 X 18 
120 

17 X 4 33 X 26 
120 

16.17 X 10>4 X 5 
120 


14 

16 

7 


Total weight per lin. ft. 
Use - 


- 771 
770 


It will be observed that the bending moment over the pier from the 
longitudinal cantilever and suspended span fully loaded is 2,822,080 feet 
pounds In order to balance this, the dead load on the anchor spans must be 
of sufficient magnitude to produce a moment equal to or greater than that 
given. Assuming that the dead load is, as shown, 770 lbs. per foot, the spaa 
necessary to produce this moment or balance is: 
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WL X = 2,822,080 foot-pounds 

WL2 = 5,644,150 inches 

770 L2 = 5,644,150 inches 

L == 85 6 feet 

For reasons given in the introduction and others equally sound, the span 
has been made 80'-0" and the balancing moment is, therefore, 770 X 81* X 40 5 
= 2,525,985 foot-pounds. This leaves a moment of 296,095'3 to be accounted 
for otherwise, in this case a concrete counterweight. The weight of the latter 

must be = 3,701 pounds. At 150 pounds per cubic foot this will re- 

quire about 25 cubic feet. 

The girders are 5 feet-0 inches c -c and the end stiffeners are on 2 foot 
centers, and a convenient depth for the counterweight is 3 feet 0 inches 
Within the boundaries thus formed the counterweight is placed, has a 
volume of 30 cubic feet and weighs about 4,500 pounds 

As the economy and judgment of using a counterweight has been 
questioned, the writer offers the following analysis in support of his design 
Quantities and Cost of Five Feet of Extra Span, Each End, 


20 L F Bridge Railing $12 00 $ 240 00 

6,560 Lbs Def Steel Bars 04 262 40 

18 Cu. Yds. Concrete 14 00 252 00 

35,981 Lbs Struct Steel 075 2,698 57 

27 Bbls. Port Cement 2 40 64 80 


Total Cost of Extra 5 ft Each End $3,517 77 

*Span IS Sl'-O"'' Center of pier to end. 

Cost of concrete counterweights as described 

36 Cu. Yd Concrete $14 00 $504 00 

52 Bbls Port Cement 2 40 124 80 

2,370 Lbs. Def. Steel Bars 04 94 80 


Total cost of counterweights (32) $723 60 

Difference m favor of the latter $2,794 17 


The anchor spans are designed to provide for two different conditions 
of loading, first, the specifications require that after the structural steel 
has been erected, the concrete deck on each anchor span shall be poured 
first. It IS possible that after this has been done much of the equipment used 
in the erection of the remainder of the bridge will be installed on this span 
It was therefore deemed advisable to design it as a simple span, carrying 
the full dead and live loads, a slight reduction is made, however, because of 
the fact that the weight of the steel of the longitudinal cantilever arms will 
cause a relatively small negative moment 
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The design according to this hypothesis follows* 


Pounds per foot 

D L on span 770 

” ” of steel of cantilever 261 

Shear at pier 770 X 40 30*800 

Max. Pos Mom 

—(261 X 25 X 12*5) + 30,800 X 40— (770 X 40 X 20) 

Inches per pound 

= — 534,438 pounds per foot or. 6,413,256 

LX Unif. Mom 320 X 80X 80 X 1.5 3,072,000 

LL. Concentrated 9,000 X 80 X 3 ... 2,160,000 

* ^ 80~ -i° 125 ° 


Total Pos Mom 12,916,632 

Moment of Inertia of sect 19,971 Inches^ 

Section Modulus " ” 750 Inches* 

fs = 17,222 pounds per square inch. 

From the above it is evident that the section is adequate for conditions 
governing the first case 

Case II: Longitudinal cantilevers and suspended spans fully loaded, dead 
and live, dead load only on anchor span. Tins is a condition which can and 
may occur after the bridge is open to traffic. 

Under full dead load on the anchor and longitudinal cantilever spans, the 
point of contraflexure is located about 8 feet (7.2 feet exact) from center 
of the pier, toward the abutment. 

For the purpose of calculating the dead load moments from the parabolic 
curve, the remaining 72 feet are divided into 10 equal parts of 7.2 feet 
each At the same points the negative moments from the conditions 
described previously are calculated. (The dead load moments are positive.) 
The algebraic sums of the two are tabulated, which now becomes the net 
negative moments on which to base this part of the design. In the tables 
given below, the moments and all other data necessary for the design arc 
recorded. 

The additional section necessary for the excess of negative over positive 
moments is provided by the extension of the heavy cover plates at and 
adjacent the transverse cantilever At the point where the outer cover plate 
can be reduced but additional flange area is necessary a smaller plate is 
added, (16" X V'l') hy butt welding to the heavier plate and then to the 
flange plate To augment the section at the butt joint which is calculated 
at 13,500 pounds per square mch, two plates, 6 inches x %4nch arc welded 
imder the upper joint and over the lower joint. 

It IS only necessary to carry the extra cover plates to a point near the 
center of the span, from there to the abutment and the section is of sufficient 
area for the moments involved 

From the point of contraflexure to the pier end of the girder, the web 
thickness is increased from ^'tach to ^g-'inch, not because of the shear but 

to comply with the — — ratio maximum of 170. 



392 


STUDIES IN ARC WELDING 





SECTION V— STRUCTURAL 


393 


Moments m Anchor Span 



Neg. Mom. 

Pos Mom. 

Net Mom 

'‘‘s" Req'd 

72 

3,047,840 

2,169,555 

878,285 

48.8 

14 4 

6,095,680 

3.856,988 

2,238,692 

124.3 

21 6 

9,143,520 

5,062,296 

4,081,224 

226.7 

28 8 

12,191,360 

5,785.482 

6,405,878 

355.8 

36 0 

15,239,200 

6,026,544 

9.212,656 

511.8 

43 2 

18,287,040 

5.785,482 

12,501,558 

694.5 

50 4 

21,334,880 

5,062,296 

16.272,584 

904.03 

57 6 

24,382,720 

3,856,988 

20,525,732 

1,140.3 

64 8 

27,430,560 

2,169.555 

25,261,000 

1,403.3 

72 0 

30,478,400 

— 

30.478.400 

1,693 2 


From the above table it is evident that the section modulus of the anchor 
span, 891 7 cubic inches, is adequate without additional cover plates from 
the abutment to a point near the center From this point to the pier addi^ 
tional cover plates are added as previously descnbed. 

While a % clinch fillet weld is ample to transmit the horizontal shear 
from the web to the flange, the size is increased to %'mch. because of the 
fact that a reversal of stress wiU occur under various loading conditions. 

Details of this portion of the structure are shown in Fig. 5. 

Transverse Cantilevers 

In the design of these members, the procedure of calculating loads is 
somewhat the reverse of that used in the preceding text. 

In designing the suspended span, longitudinal cantilevers and the anchor 
spans, the weights or dead loads were distributed in order to consider them 
as uniform per foot loads 

Because of the high concentrations from the anchor, longitudinal canti- 
levers and suspended spans, the five foot intervals of the transverse girders 
are also considered as concentrated. This simplified the moment calcula^ 
tions and whatever error is present is on the safe side. 

The moments and shears will be calculated at each concentration point 
and between where necessary, but after this has been done the subsequent 
tabulations will be based on one-half of the values thus obtained. This is to 
simplify calculations for section modulus etc. Each half of the box girder is 
therefore considered as taking its proportionate part of the load. 

The maximum stresses outside the limits of the piers will occur with this 
section fully loaded. In the center section a positive moment of considerable 
magnitude may be obtained by applying the live load only to that area. This 
is a possible but highly improbable condition of loading because of the 
center dividing stop seldom being occupied. 

The actual concentrations as derived from the anchor, susp^ded and 
longitudinal cantilever spans will be considered first. 

Anchor Spans, — 

Pounds per foot 


Dead Load 800 

Live ” 320 

Impact — — 60 


- ™l,180 use 1,200 


Total 
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kl = 238 

wl _ 1,200 X W? _ 

“ 2(l'kl) 2X762 

_ . , , 96,000 X 105 

R — from suspended span = rr 


Excess of cantilever over anchor =100 pounds per foot 
R _== 100X25 


82,680 

126,000 

208,680 pounds 
2,500 


Subtotal for all points 21 1,180 pounds 

In calculating the dead loads of the transverse girders, the diaphragms, 
the compression stmts inside and the web plates are of practically the 
constant weight, but, although the flanges vary to a considerable extent in 
thickness, their total weight distributed, then concentrated at the load points 
will give moments and shears differing so slightly from the actual cases that 
further refinement of calculation is not necessary. 

From a breakdown of quantities we find that one complete box girder 
weighs 87,400 pounds Divided by its length, 82 feet, the weight per foot 
IS 1,066 pounds or 5,330 pounds 3.t each conccntrs-tion point 

The total assumed concentrated load at each point then is, 216,510 
pounds 

The moments over the bearings and at intervals toward the outer ends 
will be shown The distance of the ongin of moments for each case will 
be designated by 0, 5, 10, etc. 

Note The heavy raihng, massive curb and parapet, together with the heavy castings 
used in the ornamentation will practically compensate in weight for the fact that the 
outer girder carries only one-half panel of floor 


Transverse Cantilever Moments 

Inches per pound 

0 —216,510 X (5 + 10 + 15 + 20) X 12 = 129,906,000 

5 —216,510 X (5 + 10 + 15) X 12 = 77,943,600 

10 — 216,510 X (5 + 10) X 12 = 38,971,800 

12 5—216,510 X (2 5 + 7 5) X 12 = 25.981,200 

15 —216,510 X 5 X 12 == 12.990,600 


Inasmuch as this is a double box girder the diaphragms are designed 
to equalize the loads between the two sections of the girders Calculations 
from here on deal with one-half the loads, stresses and sections. 

From the following table it will be seen that at points 5 and 10 the flange 
section could have been reduced, but, at the “0” point where the stress is 
greatest, only a shght reduction could have been made 


At the two points, 15 and 20 foot respectively from the origin, the flange 


thickness is governed by the 


“b” 

limits as in like manner the web thickness is 

t 


governed by the — - ratio (170) for carbon steel, not by the stress except at the 


point nearest the bearmg. 
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Reduced Moments and Section Data 


Point 

Mom Reduced 

S-Required 

S-Used 

0 

64,963,000 

3,609 06 

3,923 0 

5 

38,971,800 

2,165 1 

2J97.7 

10 

19,485,900 

1,082 5 

2,460 5 

12 5 

12,990,600 

7217 

1,473 8 

15 

6,495,300 

360 8 

1,373 7 

20 



— 

1,373 7 


Investigating the 40 foot section between the bearing points, we find 
that an appreciable reduction in flange area is possible because of the positive 
moment developed 

The critical condition of loading for negative moment is produced when 
the live load is applied on the cantilever section of the girder only and the 
dead load only is present on the section between bearings. 

The positive moment caused by this dead load, however, is sufficient 
to permit a reduction in the flange plates to a single plate 20 inches x 1%" 
mches as against this plate plus an 18 inch x ^-'inch plate. This reduced 
section IS effective for a distance of 25 feet. 

The design of this section is as follows: The total dead, live and impact 
reaction at each load point, from the foregoing, 216,510 pounds, gross, or 
108,255 pounds for each half of the box girder The dead load concentration 
alone is about 69,600 pounds. 


Max. Neg. Mom. from cantilever 5,413,580 footpounds 

Shear, mside section, 69,600 X 4 278,400 pounds 


In the followmg tabulation the points designated by 5, 10, 15 and 20 
refer to the distance from the bearing, this time inside or between the 
bearings 

Interior Moments, Minimum (Max . — } 


Inches 
per pound 
—48,258,960 
—35,730,960 
— 27,366,960 
—23,202,960 


5— 5,41 3, 580+278, 400X 5 X 12 
10— 5,413,580+278,400X 10 — 69,600X5'X 12 
15— 5,413,580+278,400X15 — 69,600X (5^ + 10) X12 
20— 5,413,580+278,400X20 — 69, 600X (5 + 10+15) X12 

Loading the center section, live, and leavmg the cantilevers unloaded 
will yield the maximum positive moments. 

Max. Neg. Mom. 69, 600X (5 + 10+15+20) 3,480,000 footpounds 

Shear, inside, 108,255X4 433,020 pounds 


Interior Moments, Maximum (Max.+) 


5— 3, 480,000+43 3,020X 5X12 
10—3,480,000+43 3,020X lOX 108,255X5 X 12 
15—3,480,000+433,020X15 — 108,255X(5+10) 
20—3,480,000+433,020X20 — 108,255X (5 + 10+15) 


Inches 
per pound 
—15,778,800 
+ 3,707,100 
+ 16,637,700 
+23,193,000 


From the foregoing tables it is evident that under the loadmg conditions 
specified, the maximum negative or positive moments, depending on the 
manner of loading, are about equal. 

While It is possible to make additional reductions in the flange plates 
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as was done for a length of 25 feet, it would not be in the interest of 
economy to make a second splice on the inside as the cost of two per side 
or a total of eight would exceed the value of the steel saved. 

It will be noted that in the splices of the compression flange of the 
transverse girders a straight across butt weld is used, while all tension 
sphces are accomplished with an extended ‘’’V” weld, as shown on Fig. 6 
If we assume the value of a tension weld at the most conservative figure 
of 12,000 pounds per square mch, it logically follows that by increasing 
the length of the weld 50 per cent, the strength equivalent to that of the 
solid metal will be attained. 

In the design of this structure, a value of 13,500 pounds per square mch 
has been used for tension butt welds, as well as compression, where fluctu- 
ating stresses are present. The values of fillets m shear are given elsewhere 
in this paper. 

The specifications for this project require that all plates which are to 
be spliced shall be so done before assembling Thus all spliced girder 
flanges are welded together before being welded to the girder webs, 
thereby reducmg or eliminating stresses ‘‘locked up” due to shrinkage 
The splices required to unite the longitudinal cantilevers with the 
anchor girders, however, cannot be done this way because of necessity these 
arc field sphces 

Cost Analysis — ^In analysjing the cost of the structure, first considera- 
tion will be given the weight of electrode or weld metal used. 

The specifications require that all structural steel shall conform to the 
requirements of American Society for Testing materials, Serial Designa- 
tion, A-7 or A- 10. 

The electrode used shall he “Semi-Slag, Shielded”, meeting the require- 
ments of the A.W.S.-A S T.M. of Grade 10 or Grade 15 for filler metal 
The quantity of welding rod used m these figures is based on the actual 
amount which shall include all loss from excess spatter and the short ends, 
which although not used are included in the gross weight to be paid for 
Any salvage value of this matenal is not considered here 

The method of calculation here used is based on data furnished by one 
of the largest structural steel companies m the world. 

The weight of weld metal to be paid for will be somewhat less than 
these quantities. 


Weights of Weld Metal 

Stiffeners — Owing to the fact that each stiffener has a 1-inch x l-mch 
triangle cut the two inside corners to allow for continuity of the welds 
uniting web and flange, fillet welds for attaching the stiffeners to the webs 
are shortened by this amount or one-half the perimeter minus three inches 
will be the actual length for each side. 

Intermediate stiffeners are welded to the compression flange only and are 
milled to bear on the tension flange The end stiffeners are welded all 
around. 

On suspended spans — ^Each intermediate stiffener of this span excepting 
those on the center girder will have a total length of weld fillet of (64+8) 

« — 3=69 inches per side, or 138 inches 11.5 feet per stiffener. 

There are 16 of these girders on each of which there are 52 stiffeners. 

Total length of these fillets, 11.5 x 52 x 16=9,568 feet. 

For the center girder with its 72 inch web plate, the length of weld wiU 
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be, (72+8) — 3=77 inches per side or 154 inches 12 8 feet per stiffener. 
Length of fillet, 52 x 12 8=666 feet 

End stiffeners Short, 34 pieces, double width, 2 fillets each side full 
length and welded to both flanges, fillets 2 feet, all girders about same 

Total length, 4 x 8 + 2 x 24=80 inches or 6 67 feet per end per girder. 
Total length, all short stiffeners, 6 67 x 34=227 feet 
Total length all stiffener welds — 10,461 feet. 

Weight of above .333 pounds per foot, 10,461 x .333=3 484 pounds 
On anchor spans — 32 girders, outside, 38 regular length stiffeners 
(52 X S) — 3=57 inches one side, 114 inches both sides or 9.5 feet per 
stiffener Total length of welds on regular (52 inch) stiffeners=9.5 x 32 x 
38=11,552 feet 

6 stiffeners per girder, average length 59 inches, (59+8) — 3=64 inches 
128 inches or 10 67 feet per stiffener. Total length of these is, 10.67 x 6 x 
16=1,025 feet 

Center anchors — 56 mch web at normal. Length fillet=(56+8) — 3=61 
inches one side or 122 inches — 10-17 feet both sides. 

Total length 10 17 x 38 x 2=773 feet 

6 stiffeners per girder averagmg 63 inches longitudinal length fillets is 
(63 + 8) — 3=68 inches one side or 136 inches — 11.33 feet both sides. 

Total length 11 33 x 6 x 2=136 feet. 

Total length of fillets in all anchor spans — 13,486 feet 
Weight of above — 13.486 x .333=4,491 pounds. 

On longitudinal cantilevers — ^There are 12 full length stiffeners on each 
of these members which have 66 mch web plates. (All but the center 
girder.) 

Length fillet on above (66+8) — 3=71 inches one side or 142 inches 
both sides, — 1 1 84 feet per stiffener. 

Total length of fillets, 11 84 x 6 x 32=2,274 feet 
On center cantilevers, 70unch web plates length fillets (70+8) — 3=75 
inches one side or 150 inches — 12 5 feet both sides 
Total length fillets 125x6x2=150 feet 

The short stiffeners at the ends of these cantilevers are all the same 
and are about equal in length to the corresponding plates on the suspended 
spans Total length is 227 feet 

Total length of fillets for all longitudinal cantilevers is 2,651 feet 
Total weight of weld metal in above, — 2,651 x .333=8,858 pounds. 

On each “2” or diaphragm assembly there are 120 inches or 10 feet of 
%6unch fillets. There are 352 of these diaphragms which require 3,520 
lineal feet of weldmg. 

The total weight of this metal is, 3,520 x 333=1,173 pounds. 

There are 64 angles at the ends of the anchor spans for the support 
of the end diaphragms which are of concrete (Previously described as 
counter'weights. ) 

Each is 2 feet long and is attached with 2%g^inch fillets for the full 
length. 

Total length of this weld is, 64 x 2 x 2=256 feet. 

Weight of above 256 x. 333=86 pounds. 

Between the two webs of each box girder there are 17 diaphragms, 
composed of plates 36 inches x 1 inch Nine of these are 7 feet, 0 inches long 
and the remaining eight are an average of 6 feet, 6 inches in length Each of 
these is attached to the webs of box girders by four %unch fillets, full 
length. Length, all fillets is (7 x 4 x 9) + (6 5 x 4 x 8) x 2 = 920 feet. 
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Weight of above at 45 pounds per foot is 920 x 45 = 414 pounds 
There are 68 compression struts near the lower ends of the diaphragms 
consisting of half 12^inch Is, each of which requires 116 inches or 9 67 
feet of %^-mch fillet weld (These are also milled for exact fit ) 

Length of above fillets, 9 67 x 68 = 658 feet 
Weight of above 658 x 333 =?‘220 pounds. 

There are 68 girder seats consisting of partial or T sections of 
36unchT50^pound I beams, each of which is welded to the mam girder 
The average length of these seats is 1 53 feet The webs of these are shop 
welded to the webs of the mam girders and the 12-inch flange is shop 
welded to the bottom flange of mam girders, all with ^g-'inch fillets 

The length of weld for each seat is, 2x153 + 10 = 4 06 feet per 
seat Total length of above is, 4 06 x 68 = 276 feet 
Weight of above, 276x 333 = 92 pounds. 

The mam transverse girders are welded to the sole plates (48 inches x 
2 inches x 5 feet 6 inches) with one-half inch fillets 

The total length of fillets for two beanngs per sole plate, two sole plates 
per girder and two girders, is 48 x 4 x 2 x 2 = 768 inches or 64 feet 
Weight of above at 75 pounds per foot, is, 64 x 75 = 48 pounds 
Bottom laterals, consistmg of 5 inches x 3^2 inches x Y^nnch angles, 
installed on either side of each pier on the anchor and longitudmal canti- 
lever spans. 

The quantity of wsldmg is determined by the number of contacts these 
angles make with the above mentioned girders and the length of fillet at 
each contact. 

These laterals are in "‘’X” form and are placed as follows 
1- ‘"X” each side center, anchor spans 
1- “'X’' each side center, cantilever spans 
Total, 8- ‘‘X"s each havmg 16 angles. 

Total, 128 angles each having two contacts or 256 contacts 
Each contact is 2 feet, 0 inches long 

Total length of above fillets = 256x2 = 512 feet 

Weight of above 512x 333 '=171 pounds 

Pin Plates 

There are two of these plates at the ends of each suspended girder 
and two at the end of each longitudinal cantilever. The total number of 
plates then is, 17 x 4 x 2 = 136. 

The perimeter of each plate is 12 feet, 8 inches. 

Total length of fillets for these — 136 x 12 67 = 1,724 feet 
Attached with J4dnch fillets, the weight of above at .22 per foot is, 
1,724 X 22 = 380 pounds 

Each of these Y^'mch plates is further attached with 5 plug welds, 
inch diameter x ^^-inch. The weight of weld metal used for these is, at 
.113 pounds each is 136x 5 x 113 = 77 pounds. 

Flange to Web Welding 

On suspended Span — ^Top length 117 feet, 8 inches 
Total length all, 1 17.67 x 2 x 17 =4,000 feet 
Bottom, 62 feet. 

Total length, bottom fillets, 2x31x2x17 = 2, 1 08 feet. 

Total of all above using ^g-mch fillet, 6,108 feet 
Weight of above, 6,108 x .333 = 2,034 pounds. 
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For center 60 feet using 5^-incli fillets at .45 pound per foot. 

Length — 60 x 2 x 17 = 2,034 feet. 

Weight of above, 2, 034 x. 45 = 918 pounds. 

On transverse girders, — 

Top and bottom, center section, length 60 feet using y 2 'mch fillets at .75 
pounds per foot. 

Total length 60 x 8 x 2 = 960 feet. 

Weight above, 960 x. 75 = 720 pounds 

Top and bottom, outside sections, length 20 feet each using 
fillet at .333 pounds per foot. 

Total length 20x8x2x2 = 640 feet 
Weight of above, 214 pounds. 

On anchor spans All %nnch fillets at .45 pounds per foot. 

Top flange, length 78 feet, 3 inches 
Total length, all, 78 25 x 34 x 2 = 5,321 feet. 

Bottom flange, length 79 feet, 6 inches 
Total length, all 79 5 x 34 x2 = 5,406 feet. 

Total all welds m anchor spans, 10,727 feet. 

Weight of above, 10,727 x .45 = 4,828 pounds. 

On longitudinal cantilevers All ^'mch fillets. 

Length, top 23 feet, 3 inches 
Length, bottom 22 feet, 4 inches 
Total per girder 5 5 feet, 7 inches 
Total length, 55 58x 34x2 = 3,780 feet. 

Weight above, 1,701 pounds. 

Welding anchors and cantilevers to transverse girders. 

Center girders, 5 5 feet per connection — 4 connections. 

Length, 5.5 x 4 x 2 = 44 feet 

All other girders, 5 0 feet per connection — 64 connections. 

Total length, includmg center, 64 x 5 x 2 = 640 + 44 = 684 feet 
Bottom flange to flange of seats, at one foot each 1 x 68 = 68 feet. 
Total, all above welds, 708 feet. 

Weight of above, %6'i^ch fillets at .333 pounds per foot, 708 x. 333 
= 236 pounds. 

Butt welds, suspended spans, two for each flange, each girder. 

Bottom flange, width of flange 18 inches horizontal splice designed 
for at least 150 per cent of width or 27 inches or 2.25 feet 
Total length 17x2x225 = 77 feet 

%'mch plate at splice point, weight metal, 1.4 pounds per foot 
Weight of above, 77 x 1.4 = 109 pounds. 

Top flange, 18 inches x ^-mch — 2 sphees straight across. 

Total length, 17x2x15 = 51 feet 
Weight of above, 5 1 x 1 4 = 72 pounds. 

All of above splices are cut on a double ‘W” in section 

Butt welds for girder webs, suspended spans (1.25 pounds^ per foot.) 

One each girder, web plates, 64 inches x %Q'mch outside 16 

One each girder, web plates, 72 inches x ^g-inch center 1. 

Total length, 5.33 x 16 + 6 0 = 92 feet 
Weight above, 92 x 1.25 = 115 pounds. 

Butt welds for anchor spans, web plates 52 inches x ^-^mch outside 32 
Butt welds for anchor spans, web plates 5 6 inches x ^-inch center 1 
Total length, 4.33 x 32 + 4.67 x 2 = 148 feet. 

Weight of above at 1,05 pounds per foot, 148 x 105 = 156 pounds. 
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Lower flange splices, anchor spans, all straight across. 

First — 18 inches x ^"inch plate at bottom plate (Double V ) 

Total length, 34 x 1.5 = 51 feet. 

Weight above, 51 x 1 4 = 72 pounds 

Second— 16 inches x i^dnch plates under bottom flange plate (Single 

-V"). 

Total length, 34 x 1 33 == 46 feet 

W^eight above at 1 5 pounds per foot, 46 x 1.5 = 69 pounds 
Upper flange (anchors). ^ 

Butt over transverse girder, 18 inches x 5^ dnch plate, single V fillet, 
straight across 

Total length, 34 x 1.5 = 51 feet 

Weight above, at 2 1 pounds per foot, 51 x 2 1 = 107 pounds. 

Butt welds, end of top cover plate to 16 inches x cover on 

anchor, (Single . 

Total length, 34 x 1 33 = 46 feet 

Weight above, at 1 5 pounds per foot, 46 x 1 5 == 69 pounds. 

Fillet weld, lower flange cover plate. 

Length plate 30 feet, length fillet 60 feet, 6 inches, yi^-mch. fillet 
Total length, 60 5 x 34 = 2,057 feet. 

Weight above, 2,057 x 333 = 685 pounds. 

Fillet weld, upper flange cover plate, length plate 32 feet, 0 inches, length 
fillet 64 feet, 6 mch, (%6) 

Total length, 64 x34== 2,193 feet. 

Weight above, 2,193 x 333 = 731 pounds. 

Fillet welds, plate joining longitudinal cantilever and anchor spans over 
transverse girder, plate, 16 inches x Ij/s^inch x 19 feet, 8 inches, length 
fillet 39 feet, 8 mches (^-mch fillets) . 

Total length, 39.67 x 45 = 1,349 feet 
Weight above, 1,349 x 45 = 607 pounds 

There are 36 cast iron ornaments, each of which is attached to the 
outside girders by 6 inch channels 4 feet, 6 inches long. Each channel 
requires 1 foot of y^'Uich. fillet. 

Total length, 36x4x 1 = 144 feet 
Weight above, 48x.22 == 11 pounds. 

Welding sole plates to anchor spans. Plates, 24 inches x 12 x 2 feet, 
0 inches (%'inch fillets) 

Length fillet, each plate 48 inches. 

Total length, 34x4 = 136 feet. 

Weight above, at 45 pounds per foot, 62 pounds. 

48 inches x x 6 feet, 0 inches plates, ends transverse cantilevers, 

attached by two J4"inch fillets 

6 feet, 0 inches long Total weight, 6x2x4x.22 = ll pounds 
Total length, 48 feet 

Gross weight of all weld metal (electrodes), 23,536 pounds 
In this analysis the weld metal to be included in the determination of 
the cost is that used for the shop welding only. The electrode required 
for field welding is accounted for in a different manner as will be subset 
quently explained. 

From the above total, then, the metal in the following items should 
be deducted: 
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Pomds 

Diaphragms or ‘"Z” frames I 3 I 73 

Bottom laterals 171 

Anchor and cantilever connections to mam girders 236 

Butt welds over transverse girders, anchor to cantilever.. 107 

Butt welds top anchor to cover plate 69 

Fillet welds on top anchor and cantilever cover plate 607 


Total weight of electrode for field weldmg 2,363 


Deducting this amount from the total given above, there remams 
21,173 pounds to be mcluded in the amount charged to the total cost of 
the structural steel. 

Flame Cutting Costs — ^In estimating the above costs, the foUowmg 
data will be used* 


Per Hour 

Operator, cuttmg or arc welder, $1 50 

Comp Insurance, 10 per cent 15 

Idle time, operator resting, and during manipulation, 25 

per cent 41 (of tot.) 


Total cost per hour per operator, $2 06 


From various inqumes the writer learns that the manipulation costs of 
matenal, that is, the cost of placing m position for cutting and/or welding 
should not exceed $0 005 for each operation and this figure will be used 
The Item of field welding is handled differently from that of shop, 
because of the fact that all of this work is (or was) performed by a com^ 
mercial weldery, an outfit which furnished an operator and all equipment 
and materials for $36 per day of eight hours 

For this reason the quantity of shielded electrode will not be included 
m estimating the cost of field weldmg This quantity is given only to 
show the amount 'Industry” benefits by the project 

Cutting speed and costs, at $2.06 per hour for labor and gas as shown. 


Foot per 
Hour 

Thickness 

Labor 

Cost 

Gas 

Cost 

Total 
per Foot 

120 


$00173 

$002 

$0.0373 

110 

H' 

0 0173 

0.02 

0.0373 

108 

W 

0.0189 

0 02 

0.0389 

107 

y^" 

0 0189 

0 03 

0.0489 

100 

H" 

0.0206 

0 03 

0 0506 

100 



0.04 

0.0607 

90 

yy 

0.0228 

0 04 

0.0628 

85 

i" 

0.0243 

0.045 

0.0688 

75 

lyi" 

00274 

005 

0.0774 

65 

lyy 

0.0317 

0 055 

0.0867 

55 

xyy 

0.0375 

0 06 

0.0975 

45 


00458 

0075 

0.1208 
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Part 

No 

Pieces 

Site 

Length 

per 

Cut 

Length 

all 

Cuts 

Cost 

per 

Foot 

Total 

Cost 

Location 

Sol pi 

34 

1" 

2 0' 

68' 

$0 0688 

$4 6784 

On abut 

Mas pi 

34 


2 0' 

68' 

0688 

4 6784 

On abut 

FI pis . . 

34 


1 5' 

51' 

0506 

2 5805 

Anchor, top 

F1 pis . 

34 

S's" 

15' 

5T 

0506 

2 5805 

Anchor, bottom 

Cov pis 

34 

K" 

1 33' 

46' 

0489 

2 2494 

Anchor, top 

Cov pis 

34 

K" 

1 33' 

46' 

0^89 

2 2494 

Anchor, bottom 

Fi pis 

34 

13f^ 

15' 

51' 

1208 

61608 

Anchor, bottom 

Spl pis 

34 

iTs'^ 

133' 

46' 

0774 

3 5604 

Over trans girder 

Spl pis 

34 


9 33' 

317' 

0774 

24 5358 

Over trans. gird. diag. 

Anchor 

34 


9 75' 

332' 

0389 

12 9148 

Diag , bottom web 

Trs gd 

4 


7 0' 

28' 

0489 

1 3692 

Web pis 

Trs gd 

34 

1'^ 

3 0' 

102' 

0688 

7 0176 

Diaphragms 

Trs gd 

34 

1'^ 

3 0' 

102' 

0688 

7 0176 

Comp strut, web 

Trs gd „ 

34 

iH" 

2 33' 

80' 

1208 

9 664 

Comp strut flanges 

Trs gd 

34 


2 33' 

80' 

0506 

4 048 

Web for seats 

Trs gd „„ 

34 

1" 

2 0' 

68' 

0688 

4 6784 

Flange seats 

Trs gd „ 

4 


4 67' 

19' 

0373 

7087 i 

End pis , trans gird 

Trs gd 

16 


167' 

27' 

0607 

1 6362 

Top flange 

Trs gd 

4 

D/s’' 

167' 

7' 

090 

0 630 

Top flange cover 

Trs gd 

8 


15' 

12' 

0628 

0 7536 

Top flange cover 

Trs gd 

8 


167' 

14' 

0607 1 

0 8484 

Bottom flange 

Trs gd 

8 

DA" 

167' 

14' 

0975 

1 3650 

Bottom flange 

Trs gd . 

8 

r 

167' 

14' 

1208 

16912 

Bottom flange 

Trs gd 

4 

lA" 

167' 

7' 

0975 

0 6825 

Bottom flange 

Sol. pi 

4 

2" 

4 0' 

16' 

1208 

1 9328 

Trans girder 

Mas pi 

4 

1" 

4 0' 

16' 

0688 

1 1008 

Trans girder 

L ent . 

34 


15' 

51' 

0607 

3 0906 

Top flange 

L ent 

34 


15' 

5T 

0607 

3 0906 

Bottom flange 

L ent . 

34 

IK" 

15' 

5T 

.1208 

61608 

1 Bottom flange 

L ent 

32 

Ke" 

5 5' 

176' 

0389 

! 6 8464 

Web pi 

L ent 

2 

W' 

5 84' 

12' 

.0389 

> 4668 

Web pi 

Sus. sp 


K" 

150' 

48' 

.0506 

2 4288 

Top flange 

Sus. sp 

4 

1" 

15' 

6' 

0688 

1 0 4128 

Top and tottom fls. 

Sus. sp . 

32 

K" 

15' 

48' 

.0506 

1 2 4288 

Bottom at ends 

Sus sp 

16 

IK" 

15' 

24' 

.0867 

2 0808 

Bottom at center 

Pm pi .. 

136 

K" 

12 67' 

1,724' 

0489 

84 3036 

Sus and cant ends 

Links . 

68 

1" 

2 67' 

182' 

.0688 

12 5216 

Sus and cant ends 


1,056 

K" 

10' 

; 1,056' 

0373 

39 3888 

Diaphragms 

“Xs" 

; 128 

K" 

: 75' 

96' 

.0373 

3 5808 

Lateral brae. 

Stiffs 

714 

K" 

67' 

479' 

0506 

24 2374 

all spans 

Stiffs 

714 

K" 

67' 

479' 

.0628 

30 0812 

all spans 

Anchor 

34 

K'' 

133' 

46' 

0489 

2 2495 

Top fl. cov. 

Anchor . 

34 

K" 

133' 

46' 

0489 

2.2495 

Bottom fl cov. 

End Ls 

64 

K" 

75' 

48' 

0373 

1 7904 

Cone, diaph. support 

Exp. jts 

2 


240' 

480' 

0688 

33 0240 

Tooth pis. curve cut 

Exp Jts . _ . 

4 


10' 

4' 

0688 

2752 

Tooth pis. at ends 

Exp Jts 

4 


10' 

4' 

0688 

2752 


Total of above 







$372 316 

1 Tooth pis conn, pis. 


The writer has complied the cutting costs from data obtained from 
the Lincoln "'Procedure Handbook’’, A W S literature and from practical 
welding and cutting mechanics and has taken the average costs so obtained. 

However, on the admonition of one well qualified to advise, the sug-' 
gestion that the above costs are too low and should be increased by about 
one'third, has been gratefully received and incorporated herein 

Increasing the total by this amount and rounding out to the nearest 
even figure gives a working amount of $500 

While this figure still seems low, it must be borne m mind that this is 
the actual cost of cutting, handling is accounted for separately. 
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Arc Welding Costs — In determining these data, about the same general 
procedure has been followed as in analysing the flame cutting costs, that 
IS, basic information was obtained from any literature available, and also 
from practical operators of sufficient experience to render intelligent advice. 
From the general cross section so derived the costs and conclusions were 
decided 

In calculating the costs, it must again be borne in mind that only actual 
Items of power and labor used in the welding operation, with the idle time 
and insurance overhead added, are shown in this tabulation The cost of 
weld metal and that of placing, turning, etc. (manipulation) are hsted 
elsewhere 

While some structural shops do not figure the electrical energy directly 
m estimating their costs, usually assuming it as general overhead, the cost 
IS present and must be accounted for somewhere 

The tables giving the itemized breakdown of welding costs are founded 
on the following basic rates and factors 

Labor, including idle time and ins $2 06 per hour 

Power 02 per k. w. h. 

Operating factors 50 fe? .60 

Welding speeds, as indicated 

All operating speeds, voltages and amperages were taken from 
the “Procedure Handbook'’ and venfied from field information 
The general formula for power cost is, 


Cents per foot 


volts X amperes X rate/k.w.h. X operatmg factor 
1000 X welding speed X operatmg factor 


For butt welds the required power per foot is: 

, ^ (25 X 130; X 2 X 2 X .5 ^ 6,500 
1000 X 9.5 X .6 5,700 

7 _ (25 X 130) X 2 X 2 X .5 ^ 6,500 

1000 X 7.5 X .6 4,500 

1/// (25 X 130) X 2 X 2 X .5 ^ 6,500 

^ 1000 X 5 0 X .6 3,000 


== $0.0114 


== 0.0144 
= 0.0216 


ThfS Sp/jc^ .. 

Ac d ^ 

OT'tzn c?5 n dry 

Thes^ 5/>//cc5 
must Ac h^forz. 

0-5 5 Z-'nnb/m^ 


IT 




^8 
EL£V 
S£cf on ^ 


’Roin'f- ujh^re. redoc^d 
QrcQ mqy 


- X?t m e.r) s/on s i/ary ujdh ^tdih 


c ' 







mus’l’ Ae Q’f' le./fS'f 
/i tun ^5 UJiclfh 


Fig. 5. Detoils of typicol splice iot tension flange plate. 
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SA" - (^5 X 150) X 3 X 2 _ 1^0 _ JQ 0553 

^ ~ 1000 X 3.8 X. 6 2,280 

For fillet welds usmg 30 volts, 190 amperes, $0.02 rate, operatmg factors of 
.5 and .6, the cost depends on the speed and is: 


30 X 190 X 2 X .5 _ 5 700 _ $0.095 

1000 XSX. 6 600XS S 


Size 


Cost per Foot 

14.^ 

35 

$00027 

/4 

30 

00032 

/lo 

20 

0 0048 

y a 

16 

00059 

/16 

X' 

10 

0 0096 


As before stated, field welds are based on the time consumed, as all electrodes, 
of specified sizes, machme, operator and all other mcidental expense is concluded 

m the pnce of $36 00 per day of eight hours or $ 4.50 per hour. 

As clH was ready for the welding operator and his idle tune for rest and 
change of position was so reduced, the fiictor for that item will be taken at 20 
per cent. 

These costs will be computed as follows: 

Overhead fillets, Speed 10 feet per hour 

Overhead fillets, ^ " -Speed 7.5 feet per hour 

Vertical fillets, .—Speed 12.0 feet per hour 

Vertical fillets, — Speed 12.0 feet per hour (using M electrode) 

Horizontal fillets, i/i” Speed 25.0 feet per hour 


Overhead ^ X 

Overhead X 1-2 = 0.72 per foot 

Vertical ^ 5 " and Jl' ^ 

Horizontal and =■ X 1 2 = 0.26 per foot 


Shop Welding Labor Costs 



Horizontal i 

Vertical 

Overhead 

Single V Butt 

Double V Butt 

Size 

Speed 


Speed 


Speed 


Speed 

t 

Speed 



Bt. per 

Cost 

Bt per 

Cost 

Bt per 

Cost 

Bt per 

Cost 

Ft. per 

Cost 


Hr. 


Hr. 

1 

Hr. 


Hr. 


l Hr. 



35 

$0 0588 

18 

$01140 1 

13 

$01584 

15 

$0 1373 



w 

30 

.0686 1 

13 

1584 1 

11 

1872 

12 

1716 

. . 


H" 

20 

J030 1 

9 

2288 1 

9 

2288 

9 

2288 

. , . 


Xe" 

16 

1287 

6 

3430 , 

75 

.2746 

75 

2746 

. . 

.. 

H" 

10 

2060 

5 

.4120 

55 

3745 

5 

2060 



H" 

6 

3433 

4 

5150 





8 

$0 2575 


^ 6 

.3433 

4 

.5150 

' n 


_ 

... 

8 

.2575 

X' 

4 

5150 

^ 3 

,6860 

— 






1 " 

2 

1030 

15 

1 3730 



- 


. .. . 
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Description 

Size 

1 

Class 

Power 

per 

Foot 

Labor 

per 

Foot 

Total 

Length 

Total 

Cost 

Sus sp stiffs 

Hs’' 

Vert. 

.0032 

.1584 

10,461 

$1,690.50 

Anch. sp, stiffs 

54" 

Vert. 

0032 

.1584 

13,486 : 

2,171 34 

Lon. cant, stiffs 

54" 

Vert 

0032 

.1584 

2,651 

428 40 

‘'Z" diaph 

54" 

H 6^ V. 

* 

.45 

3,520 

1,584 OO 

Ls end diaph 

54" 

Hor 

,005 

! .1650 

256 

43 52 

Trans gird, dia 


Vert 

.005 

2288 

920 

215 10 

Comp, struts 

54" 

H S?V 

0032 

1659 

658 

111 27 

Gird seats 

54" 

H S? V 

.0032 

.1659 

276 

46 67 

Trans, gdr sol pi 

34" 

Hor. 

.0096 

2060 

64 

15 80 

Bottom laterals 

54" 


* 

54 

512 

27648 

Pm plates 

34" 

Hor*’ 

0027 

0588 

1,724 

106.03 

i 


Flange to Web 


Sus. sp. T. and B 

Sus sp Bottom 

Trans grd cen 

Trans grd. outsd 

Anch sp top. 

Anch. sp bottom 

Long cant. T. and B 

54" 

H" 

3^" 

54" 

3^" 

M" 

Hor 

Hor 

Hor 

Hor 

Hor 

Hor 

Hor 

.0032 

.0048 

0096 

.0032 

0048 

0048 

0048 

.0686 

.1030 

2060 

0686 

1030 

.1030 

1030 

6,108 

2,034 

960 

640 

5>321 

5,406 

3.780 

$ 438.55 
219 26 
206.97 
‘ 45.95 
573 60 
582.77 
407 48 

Anch. and cant to tr 

54" 

Vert. 

* 

.45 

44 

19 80 

Anch. and cant to tr 

54' 

Vert. 


45 

684 

307 80 

Bottom fl to seats 

54" 



* 

54 

68 

36 72 

Sus. sp. butt and fl 


D “V^’B. 

0593 

2575 

77 

24 39 

Sus sp butt and T 

§4“ 

D 

0593 

2575 

51 

16 16 

Sus sp webs. 

34" 

S 

.0144 


92 

19 73 

Anch. webs, B't. 

H’ 

S “V”B 

.0114 

1850 

148 

29 07 

Anch. bottom fL. 


D ‘V ” B. 

.0593 

2575 

51 

16 16 

Anch bottom cov pi.... 


S “V”B. 

.0216 

.2060 

46 

10 47 

Anch bottom fl cov 

54" 

Hor Fill 


0686 

2,057 

147.69 

Anch top cov. pi 

54" 

Hor. Fill 


0686 

2,193 

157 46 

Anch. and cant ov trans.... 

H" 

Hor FiU 

* 

.260 

1,349 

350 74 

Ornament supports 

3<" 

Vert 


1140 

144 

16 80 

Sole pis to anch — 

34" 

Hor 


1030 

136 

14 66 

Ornament pis , ends 

3<" 

Vert 

fl 


48 

5.60 


Total Welding Cost, Power and Labor 1 $10,334.94 

*Tliis symbol denotes a field weld, the cost of whicb is previously explained in foregoing 
text 


The following data are submitted in support of the breakdown of estimate 
which will be further analy 2 ;ed and tabulated. 

Steel at Mill— This pnce taken from “Engineering News^Record.” 

Electrodes — Cost of this material given by proprietor of a commercial 
weldmg shop. 

Labor — ^Rate given by employees of a large structural shop 

Insurance and Idle Time Assumptions — Same source as above 

Freight — ^Rate obtamed from agent of N. Y., N. H. 6? H* R. R. 

Loading and Unloading — ^Estimated from observations of writer. Not 
verified but cost stated as reasonable by an old structural steel superintendent. 

Manipulation~From same source as above. Includes boring, turning pins, 
threadmg same, all milling of comp, struts, stiffenors, diaphragms and all 
other machine work. 

Erection — ^Also from same source as above. 

Haul — Price obtamed from manager of local trucking and ngging firm. 
(Given as “about’\ not exact ) 
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Center Support— Price obtained from general contiactoi (the luiildcr) 
Pamt — Amount of pamt from Kctchum'’s ‘‘“Design ol Highway Bridges^ 
Ed 1908 Cost of paint and application from data compiled by Bridge Sup't 
State Highway Dep’t 

Other Items are explained and analy2;ed in the foicgoing 
Additional Cost Data — Freight, Pittsburgh to Trcnt(')n (mill to fabrication 
shop, 352 miles, $0 24 per cwt ) 

Manipulation, for cutting, $0 005, total 

Manipulation, for welding, also all machine work, $0.01, total. 

Loading, mill and shop after fabiication, to tiucks on anival at siding, utv 
loading at fabiication shop and at site and siding, $1 00, total for all. 
Freight, Trenton to Haitford, 170 miles, $0,24 per cwt 
Haul, 1 mile at $0 40 per ton mile 

Paint, 1st coat, shop, Va g^iHon per ton, 2nd and 3rd coats, % gallon per ton 
each Total, ^2 + /4 + 54 = 1 ^5^ gallons per ton Cost of paint applica^ 


tion = $5 00 Amount, 850 tons at 1,25 gallons per ton — 1,062.5 gallons. 
Use 1,100 

The following resume gives the costs on which the steel contractor could 
base his bid 

1,700,000 lbs structural steel at $0 021 $ 35,700.00 

Freight, mill to shop 4,080 00 

Freight, shop to siding ... 8,450.00 

Loading and unloading, all opeiations, at $1 00 each per ton... , 850 00 

Haul, siding to site, 850 tons at $0 40 340 00 

Manipulation, all at $0.015 .. 2,550.00 

Flame cutting 500.00 

All arc welding 10,361,00 

Shielded Arc Electrodes, 21,200 lbs at $0 08 1 ,696.00 

Erection, 850 tons at $20 00 . 17,000.00 

Center supporf*® ...... 1,500.00 

Paint, 1,100 gals at $5 00 applied . ... 5,500.00 


Total of above 88,527 00 

Profit, 15% of above total 13,279.05 


Estimated cost of structural steel in place .$101,806 05 


Dividing the above total by the weight, 1,700,000 lbs., gives a unit price of 
$0 05988 Contractors bid was $0 075. 

♦Center support is for suspended span until concrete hardens (21 days). 

In quoting a price of $0 075 per pound for the structural steel in place, 
reference is made to the bid of the general contractor. What the stcc! fah^ 
ricator may have bid to the general contractor is not known to the writer, 
but it is customary practice for the latter to offer the same unit price on 
structural steel as is quoted to him. 

Strangely enough the bid on most of the principal items of this contract 
were identical with the unit pnees of the preliminary estimate. Although 
great care was exercised in the preparation of the latter, it is seldom that an 
estimate runs as close to the bid prices as in this case. 

In order to estimate the amount of steel, incidentally money saved by 
the use of welding m place of riveted construction, a design and estimate 
of a nveted plate girder substituting the welded suspended span girders and 
using the conventional type of construction. The slab will not be combined 
with the girder as m the case of the one constructed and no composite action 
is possible. 
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The span will be the same and the depth of the girder must remain, as 


before. 

Dead loads, Slab, .58 X 5^ X 150 = 438 lbs per ft. 

Future Pav’t @ 25 lbs. per sq. ft 5 X 25 125 ibs per ft. 

Girder, est. @ 400 lbs. per ft. 

Misc. details 37 lbs per ft 


Total lbs per ft 1,000 Ibs per ft. 

Dead Load Moment, 

1,000 X 1202 X 1 5 = 21,600,000 in dbs. 

Live Load Moment, "'11-20’’ 

640 X % == 356 Ibs per Im ft. Uniform Load. 

18,000 X % =10,000 lbs Concentration. 

50 

Impact, = 20 4% use 21% 


Live Load Moment, Unif 356 X 120^ X 1 5 = 9,304,416 in.-lbs 

Live Load Moment, Cone 10,000 X 120 X 3 = 4,356,000 m.-lbs 

(21% Impact included m above) 

Total including Dead Load Moment 35,260,416 in.-lbs. 

For Web, Max, End Shear, Dead, Live and Impact 103,323 lbs. 

Web Area Required = 94 sq ins 


t ~ =: J47 jns 


By Specs = ■ clear dist or = 305 — use 

Area Web, 64 X *375 24 sq ms. = 3 sq ms 

Required Flange Area ^ - 3 Ys^QOQ ^ 

Less Web 3 0 sq. ms 


Net Flange Area Required 28 1 sq ins 

V 2 area in angles, 2 Ls 8" X X 54" 14 22 sq. ms. 

Required area plates 13.88 sq. ms 

1 sq. in. out, IS*" plate 16 t = 13 88, t = .8675, use 54^' 

Weight per ft at center, Web 81 6 lbs per ft 

4 Ls 8" X 6" X 54" 114 0 lbs per ft 

2 pis 18" X W 107.1 lbs per ft 


Total 


302 7 lbs. per ft 


Moments at Quarter Point 

D. L. M. 60,000 X 30 —(30 X 1,000 X 15) X 12 16,200,000 in.dbs 

L L M (unif.) 356 X 60 X 30— (30 X 356 X 15) X 12 5,767,200 mdbs 

L.L.M. (cone ) X 30 X 12 2,700,000 m4bs. 

Impact 21% 1,778,112 m.'lbs. 

Toul 26,445,312 in -lbs. 
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Eange Area Required X^’^sl^OOO = ^ 

J4 Web 3 00 sq. ms 

2 Ls 8" X 6" X - 22 sq ms 

Plate Area Required 6 68 sq. ms 

16 t == 6 68 t = .417" use 

Instead of a plate at the center the area should be made up, of one 


plate full length and one plate endmg near the quarter pomt. 

Stiffeners, 6" X 4" X Yf^' X 63J4''' long 

Weight, 12 3 X ^ 27 64 82 lbs. 

Fillets 31/2" X 54" X 51" long 

Weight 7.4 X 4 25 31 45 lbs. 


Total 96 27 lbs. 

52 stiffener assemblies per girder, weight 52 X 96 27 5,006 lbs 

4 one half length 4 X 48 13 192 lbs 


Total all stiffeners 5,198 lbs. 


Weight of Girder Complete 


Top angles, 117 84 X 28.5 X 2 6,716 88 lbs. 

Bottom angles 122 X 28.5 X 2 6,954 00 lbs. 

Web, 64" X 81 6 X 120.... 9,792 00 lbs 

Splice plates (assumed) 52" X 48" X 14" (web) 

Weight 19.5 X4 X 2 156 00 lbs. 

Flange splice (also assumed) 684 00 lbs 

Gussets for Zs, 12" X 1' 6" X 14" 

Weight 15 3 X 1 5 X 16. ....... 367.20 lbs. 

Z braces angles 6" X 4" X length all, 14' 6" 

Weight 14.5 X 12.3 X 8 1,426 80 lbs. 

Pm plates =1.7? X 4 X n.3 214.20 lbs 

Top cover plate 18" X V2 X 117 8 3,604 68 lbs. 

Top cover plate 18" X X 60', — 1,377 00 lbs. 

Bottom cover plate 18" X V2" X 122'. 3,733 20 lbs. 

Bottom cover plate 18" X X 60', 1,836 00 lbs. 

2^splice plates 18" X V2" X 6' 0" X 2 3r67 20 lbs. 


Sub^total 42,427 16 lbs. 

Rivet Heads, diameter 

Short stiffs 5 X 4 X 2 40 

Standard stiffs 9 X 26 X 2 468 

Flanges 8 per ft 8 X (117 + 120) X 2 3,792 

Z's 9 X 16 X 2 288 

Web splices 80 X 2 160 

Pm plates (est) 52 


Total nvet heads... 4,800 

Hanger links 12425 X 4 497 lbs. 

4,800 rivet heads 24 lbs per 100 ..... 1,152 lbs. 

Total weight of all steel per girder. ...^...44,246 lbs. 

4% allowed for paint. ... 176 lbs. 

Total pay weight 44,246 lbs. 
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According to previously given figures the welded girder weighs, 33,620 
pounds net or 33,755 pounds with the paint allowance. 

From these figures it is readily seen that the riveted girder is about 31 
per cent heavier than the welded type. 

It is reasonable to assume that the same percentage ^ of mcrease will 
be earned throughout the entire structure. 

The total weight of a nveted girder bridge according to this assumption 
would be 1,700,000 X 1 3 = 2,210,000 pounds. 

The lowest pnee received for nveted girder work within the last year 


IS $0 06, while the average was $0 0625. 

Cost of welded type, complete structure.. $127,500 00 

Ck>st of riveted type, complete structure 2,210,000 X 0.06 132,600 00 

Difference m favor of welded bridge 5,100 00 


Part of the saving, however, is offset by the cost of the stirrups used 
in the composite center span girders This steel weighs about 12,000 
pounds but the contractor bid the same amount for these as for the rest 
of the reinforcement, $0 04, which included the welding in place. This weld' 
ing IS not considered m this paper 

Other welding done on this structure included that on the ornamental 
handrail, but it is difficult for anyone not intimately associated with this 
spccialhjed business to make an intelligent analysis of this type of railing. 

On completion, this bndge is to be painted a dark tan, with a darker 
shade for the railing The piers and abutments are faced with artificial or 
“cast” stone, colored to simulate Portland sandstone 

The contract for this project was awarded in early May, 1941. The 
substructure was completed in late November of that year The structural 
steel began to arrive m March, 1942 and all erection and structural welding 
was completed about May 15, 1942 

It is expected that this bndge will be completed on or about July 1st, 
and the entire by-pass, including the mam bridge over the Connecticut River 
will be completed and opened to traffic by September 15, 1942. 

When this is accomplished another important link m the Boston to New 
York traffic chain will be m service and it is hoped that another important 
traffic congestion problem will have been solved 

In the itemi 2 :ed breakdown of the welding costs it may be here stated that 
the various items were not “jockeyed” to arnve at the same figure as that 
bid by the contractor 

When the estimate for the allocation of money for the project was 
prepared, the figure of $0 075 was used and based on bids received on smaller 
welded structures recently designed 

Many of the items entering into the total cost of the structural steel 
seem, even to the wnter, to be somewhat inconsistent, that is, some too high, 
some too low. 

As an instance the total cost of all cutting at $500 appears to be too 
low, yet a fair labor rate was used, a conservative conception of the speed 
curves and gas costs was also used. 

On the high side, the erection unit price of $0.01 would seem to be 
excessive, but that price was obtamed from a reliable and authoritative 
source It may well be assumed that although some items may be high and 
some low, tiiere appears to be a balance in general and the final amount 
is practically what it should be 

It may be of interest to give a complete list of all the contract items and 
the unit prices as bid by the contractor, so this shall follow 
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Items 


Unit 

Quantity 

Unit Price 

Total 

Clearing and Grubbing 



LS 



$500 00 

Bridge Excavation* 



cy 

4,400 

$L50 

6.600.00 

Stone for Drams* 


Tons 

70 

2 00 

140 00 

Expansion |oint 


SF. 

830 

0.50 

415,00 

Deformed Steel Bars 


Lbs 

438,560 

0 04 

17.542.40 

Structural Steel* 


Lbs 

1,700,000 

0.075 

127,500 00 

Metal Bridge Railing 


LF 

800 

12 00 

9,600.00 

Class “A’* Concrete* 


GY 

4,280 

14 00 

59.920 00 

Cast Stone 



LS 



15.000,00 

Cast Stone Ornaments 


Each 

4 

50.00 

200,00 

Cast Iron Ornaments 


LS 



2.500.00 

Copper Flashing 

.. 

Lbs 

710 

1.00 

710.00 

Portland Cement 



Bbls. 

6.225 

2.40 

19.940.00 

Total Bid for Contract Items 




..$260,567 40 

State 8 Estimate for above 

items- ... 




.. 256,699.50 


Items marked thus * were bid by contractor at same unit price as was estimated by tKe 
State 


Summary and Appendix — ^This section of the paper has been prepared 
with the thought of endeavoring to clarify, explain, excuse, reason, or, 
perhaps, alibi some of the data and other matters appearing from time to time. 

The design of this bridge was started m the Fall of 1940, when, although 
war clouds may have been dimly visible on the horiijon, at least there was 
no scarcity of any commodities, steel in particular Were conditions at that 
time as they are at present (May 1942) this project would have been in^ 
definitely postponed along with all of its steel companions and perhaps 
those of reinforced concrete on this by-pass. 

This paper 13 written in the vein of peace time design, with all materials 
readily available and labor in its normal state. Such conditions must again 
prevail before the project can be duplicated. 

However, some changes were made, differing from the original design, 
just because of these abnormal conditions, and they have, for the most part, 
been taken into account as far as they are known to the writer. This is 
responsible for the change in tense, from to and vice-^versa in 

many places during the discussion Minor shop changes which would not 
be incorporated in another similar design but were made because of the 
lack of some particular si 2 ;e of material, will not be mentioned, although there 
were several such substitutions. 

The water has always been firmly of the opinion that welding could 
best be promoted by proof of its economical use, but if some of the fillet 
sizes and other items of welding called for seem to be, (and are) of exces' 
sive size, it is because of the fact that this bridge was designed under specifi- 
cations which are unreasonably conservative, a condition that the water 
is confident will soon be corrected 

In treating the design of the suspended span girders, it may have been 
noted that the size of the rcinforang steel for the stirrups was not stated 
but assumed The size is not known to the writer even at this time, but this 
particular type of design is adaptable to any size reinforcement. While the 
size bars in the foregoing was assumed at Vz mch square the spacing and 
other details were not worked out for reasons as stated. 

With reference to this type of design, the writer does not claim this 
to be his original development. Whoever developed the “Tee" beam theory 
belongs the credit of this design as there is little, if any, difference. As long 
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Fig. 7. Structure completed. 

ago as 1925 the writer endeavored to develop a design similar to this one, 
applying the same theory to the use of 'T’ beams but while the paper design 
was “successful,” lack of weldmg knowledge prevented the project from 
becoming a tangible object 

The reason for a considerable understress in the tension flange of the 
suspended span girders was because of the fabricator’s objection to a 12"'' x 
y'l' ^op flange plate, adequate for stress requirements but too flexible for 
erection because of the length 

It may appear that too much time and effort have been spent on the 
details of design The reason that this has been done is because many 
engineers as well as students have asked the writer so many different ques" 
tions and have shown such a genuine interest in the project as a whole, that 
he believes a complete structural design may well accompany the welding 
treatise. The design is, however, nothmg greatly out of the ordinary. 

One question which has been propounded is relative to the depth of the 
center span girders Several Seem to believe that a saving of metal would 
have been possible by mcreasmg the depth of these girders This is true, 
but certam under clearances had to be maintained and every foot the grade 
was raised added terrifically to the cost There are side slopes of 1 :2, which 
means that for every foot of height the width increases four feet, and as 
acquisition of real estate was both difficult and expensive, each four feet 
saved effected an appreciable saving in dollars 

Another reason for the relatively shallow center girders is that it was 
highly desirable that the grade be kept as low as possible in order to require 
as httle borrow as necessary. There was little filling matenal in the vicmity 
of this bridge, the haul was long and consequently expensive. 

One other point regarding the excess of welding used in several connect 
tions. The writer, on request from the fabncator, agreed to the use of inters 
mittent welding on the top cover plates over the transverse girders on finding 
from a review of the design that this was possible. This was also done 
at the extension cover plate on the top flange of the anchor span girders 
where there occurs a reversal of stress, but the fiillets are more than adequate. 
An adjustment in price was also effected As this was not figured in the 
original design, it therefore was not considered in the cost analysis. 

In choosing a title for this paper, the writer does not seem to have 
selected one which soimds in the least impressive. There are many welded 
plate girders in existence, large, small, light, heavy, handsome and some 
are extremely hideous, the latter seeming to predominate. 
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The writer believes that this bridge will present a picture quite the oppo- 
site to the last named adjective, partly through his own efforts and mostly 
from the artistic touches of a skillful architect, who, by the simple additicm 
of a few cast iron ornaments on the outer girders, the design of a hand- 
railing embodying several silhouettes, symbohcal of industry and histopr 
(Aeroplane production, Charter Oak, etc ) has transformed what might 
have been questionable to pleasing m appearance. 

What once was a wide and spacious intersection now seems dwarfed 
and subordinated to the structure which accommodates four -lanes of high 
speed traffic, yet on the lower level traffic is no more constricted than it was 
previously. 

While this bndge now occupies practically all of what was once known 
as '‘'‘Goodrich Square’' there seems to be but little local opposition to the 
structure, contrary to what was expected. This bndge is promoted as a welded 
project for reasons which will be subsequently given 

As far as the writer has been able to determine, it is the largest purely 
highway grade separation in New England, not only based on its total span 
or its width but on the quantities of material, the width of area of the 
intersecting streets on the lower level and the money involved 

There are 1,700,000 pounds of carbon structural steel in its makeup 
There are about 12 tons of welding rods or electrodes The total length 
of all the fillet welds is something over 12 miles. 

When measured against the enormous structures of modern times, this 
structure may not seem, and is not really large. But when compared to the 
many bridges of its own class it will become outstandmg. 

The division of the pubhc which will benefit the most from this structure 
IS the motor car driver, him whose money has made this and practically 
every other major highway project possible. 

Every grade separation is one less driving ha 2 ;ard. When grades must 
intersect on the same level as m this case, (Jordan Lane and Franklm Avenue) 
the wider the intersection is made the safer is the mtersection itself. 

In all probability, right turn connections will be built under the anchor 
spans in the near future. While it is not claimed that the bridge is 
responsible for this improvement, it is evident that the bndge will in no way 
act adversely. 

In conclusion, the wnter believes that the bndge desenbed herein fulfills 
the requirements of the traffic problem as hereinbefore stated. 

There is little doubt that the smooth, clean and regular appearance 
created by welding will appeal to the layman as well as the engineer. That 
fact is now well established 

Again viewing the project as one designed and built in normal times, 
it may be safely stated that the steel industry reaps an appreciable harvest 
in the sale, fabrication and erection of 850 tons of their product; manufac- 
turers of shielded electrode benefit to the extent of 12 tons of their product, 
railroads, truckers and commercial wcldenes also enter the picture as co- 
beneficianes. 

With reference to commercial weldenes, it is highly encouraging to 
the structural engineer who plans to depend heavily in the future on welding 
as a means of assembly, to note the remarkable service that these companies 
are now capable of rendenng. This fact alone will remove one large 
uncertainty from the minds of structural engmeers who have been heretofore 
somewhat hesitant about specifying welding. 
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Like any steel bridge, if the color scheme is not satisfactory or have the 
appearance anticipated, a change may be easily effected. 

Finally, in designing and promoting a welded girder grade separation 
of the magnitude of this, the writer hopes that it will help to abolish the 
reluctance toward welding on a large scale and that the true value and 
economy of arc welding may be appreciated. 

This bridge is on the main artery leading from the giant Pratt and 
Whitney Aircraft factory, so, with no credit to the writer, probably there 
is one who will benefit most, that grand old gentleman who we all criticise 
yet love, Uncle Sam. 



Chapter V — ^Trusses for Swing Bridge 


By B. M. Shimkin, 

Associate Bridge L>esigner Engineer, Bridge Department of State of California, 

Sacramento, California 



Subject Matter: Detailed comparative designs for a semi-'Welded 
and for a full-welded highway swing bridge of 287-foot span. 
The semi-welded has just been opened for traffic (June 1, 1942). 
The full-welded span is to be built this year (1942). A similar 
all-riveted span was built in 1936. 


B. M. Shimkin 


The use of arc welding started actually in the time of the first great war 
as a faster and more flexible type of structural connection than riveting. 

In the infancy of welding it was iised in case of emergency only, and as 
soon as an emergency was over the old riveting method came back in full might, 
especially in countries where an enormous sum of money was invested in 
manufacturing and riveting machinery. 

In the same time the designing engineers restrained themselves from using 
welding in their practices, being not so familiar with this new type of connec- 
tions and not so sure about allowable stresses and a control of technique of 
welding. 

But arc welding had and has its own pioneers, who always saw the greatest 
possibilities of welding in steel construction and with inexhaustible energy 
worked in this line. 

The best pioneer forces organized the American Welding Society and 
approached the welding on experimental and scientific bases and at the present 
time this society is rightfully considered as the expert and authority on welding. 
Its specifications are used as standard by most engineering organizations, not 
only in the United States of America but throughout the whole world. 

But this society could never reach such results without the help and 
support from the American electrical and welding manufacturers. By their 
mutual effort and work now the arc welding is officially accepted in construction 
and design of steel structures and a course of welding design is included in a 
curriculum of engineering colleges. 

Recently graduated young engineers now have the knowledge of welding 
design and its application from the colleges and they are not afraid to use that 
in their practices. All new structural handbooks and textbooks have data and 
details of arc welded connections as well as riveted ones. 

The second great war found arc welding in its maturity and was used 
from the beginning on a great scale, especially in shipbuilding. 

On February 16th of this year (1942) the Secretary of the Navy, Frank 
Knox, on the launching of the 35,OOO^ton battleship "'‘Alabama,**' said that the 
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tjse of welding and other means in the $80,000,000 Alabama have so decreased 
its structural weight as to add considerably to its capacity for guns, armor and 
ammunition. And everybody understands what that means in war time. 

At the present time, arc welding has passed a period of pioneer experi-' 
mental stage and entered into a stage of scientific and manufacturing per^ 
fection. 

With \mlimited American science and ingenuity, arc welding .will be soon 
perfected and become the one and only type of structural connections and 
will replace the old, out of date riveting. 

Steel structures replaced iron; electric power replaced steam; now in the 
age of electricity — electrical arc welding will replace mechanical rivetmg. 

It is an evolution and cannot be another way. 

This paper presents the design for a highway twodane swing bridge truss. 
Both riveted (semi-'welded) and welded trusses are presented, together with 
an economic comparison of these two types. 

General Discussion of Project — ^This swing bridge (riveted and semi- 
welded) was designed and built in the United States of America during 
194h42 and will be open to traffic on June 1, this year, (1942). 

The duplicate swing bridge is expected to be built during this year at another 
site. The similar, the same span alhriveted swing bridge was built in 1936 
(for HT5). 

In the construction of the present, (See Fig. 1), swing bridge (for H-2042) 



Fig. 1. The arc welded swing bridge. 
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arc welding was permissible to \ise in limits, prescribed by the American 
Association of State Highway Officials Specifications 1938. 

Tbe total amount of arc welding used in the present structure equals to 
2032 feet (mostly inches) or 483 pounds of electrodes 

The soil conditions at the site are such that the height of the road fill is 
limited and total length of structure was fixed as well as the grade of bridge 
deck. This bridge crosses a navigable river and must be open for passmg ships. 

With such a limitation the comparative estimates of swing and bascule 
bridges, (See Tables I and 11), were prepared and show a savmg m favor of 

swing bridges — 4.8 percent. r 

Also, according to Otis Ellis Hovey, Assistant Chief Engineer or the 
American Bridge Co. — ^^'’A swing bridge is the simplest, best and most economic 
cal type in first cost and maintenance." Farther on he said* 

"An engineer, when discussing with another the question of the selection 
of the most suitable type, expressed his views quite simply. His first choice was 
a bridge that remained on the ground when open; his second was one that had 
only one end lifted in the air; and his third, one in which both ends were hfted. 
This is, first, swing; second, bascule; third, vertical lift. . . In addition to 
economy in foundations masonry, and weight of superstructure, another 
important savmg of the swing bridge is the reduced cost of the steelwork and 
erection" (Movable Bndges, by Hovey, Vol. I, pp. 20''22-27). 

The cost of maintenance for swing bndges is less than for bascule bndges. 

The Annual Reports of the Department of Bndges, City of New York (for 
period 1913T916), based on data for six swing bridges and ten bascule bridges 
of the same spans, shows the cost of maintenance and operation 

Bascule bndge for year $9467 
Swing bridge for year 7916 

Our State (penod 1939-1941) based on data for three bascule and three 
swing bridges 

Bascule bridge for year. $9740 

Swing bridge for year. 4298 

These comparative figures can be accepted in a broad statement only, 
for there are too many factors involved to make an accurate companson 
possible. 

However, the study of maintenance expenses revealed that the greatest 
part of the money goes to repair and replacement of deck on bascule 
bridges. By the nature of the bascule bridge it requires lighter deck slab 
— ^to reduce counter balance, footmg and weight of truss, but at the same 
time a constantly mcreasing speed and weight of traffic vehicles demanded 
a good solid deck slab, which can be furnished by a swmg bridge only. 

Description Project — The swing bridge, described in this paper, was 
built in a lowland country, where the sod has very poor bearing capacity 
and an unlimited space for such a kind of bndge was provided. The road- 
way width of bndge is 26-feet-O-inches between curbs and two sidewalks 
of two feet wide were budt. The modified Pratt trusses were used with 
31-feet-9-mches between centers of trusses, and 287-feet-3V2''toiches between 
abutment bearings. The center bearing was based on center round reinforced 
concrete hollow pier 40-feet>-6%-inches diameter with 143 Douglas fir piles. 

The center pier and abutments are protected by the fenders. For navi- 
gation two 11 0-foot clearances are provided 
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^ All machinery, abutments, piers and other details which are common 
for both (welded and semi-welded) designs are omitted from consideration 
in this paper. Only, it should be mentioned that the machinery weights 
expressed in percentages of structural steel weights for highway bndges 
equal to from 12 percent to 13 percent for span of 200'feet-~300"feet. It was 
checked in our design and gives 11.7%, and is also given in Table 3L 
of ‘‘Movable Bridges'*’ by O E Hovey (Vol 1, p. 79). Such percent (12%) 
was used in final estimate for welded structure. 

For better comparison of the two designs, the controlling dimensions and 
general features of the welded design were made the same as for the semi' 
welded one. An exception was made for the deck slab of welded design, — 
using “Tbeamdok armored bndge roadway slab”, filled with Haydite con^ 
Crete, instead of remforced concrete slab used in present bndge. 

It should be mentioned also that the design of swing bndge is quite 
different compared with a common truss bridge. It is not only a bridge, but 
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a bridge and a great deal of machinery and a special equipment (locks, 
buffers, gates, signals, operator’s house, etc.) . 

To obtain the design stresses for members of truss it required calculation 
of stresses in five loadmg cases and later five combinations of such cases* 
After that many members should be checked to additional wind, bending and 
eccentrical loading stresses These additional stresses considerably increase 
section areas of members compared with areas required by the ‘‘design 
stresses” only. 

Construction — ^The presence of the rest draw and fenders in a swing 
bridge create the most ideal conditions for an erection of trusses. 

The contractor has a platform to work on without any extra expense for 
false work, in contrary he is paid for that. 

The welded members and fillets to gusset plates were shop fabricated 
and no field welds were used m construction of present bridge. However, 
electricity was available on the site from the beginning of work. 

The absence of rivet heads on welded members gives a smooth nice 
appearance and creates a beautiful impression compared with riveted mem" 
bers and decreases painting expenses, also increases the life of bridge by 
elimination of many “starting points” of rusting around rivet heads. 

In the case of full welded trusses the benefit of the rest draw will be 
extended by omitting the seat angles for the floor girders, stringers and 
other members and supporting of all these members directly from the 
unyielded platform for the field welds That saves a great deal of coiX" 
struction expenses Agam, the rest draw gives to the welders and their 
equipments the best working conditions compared with any other construe" 
tion on false work and will increase their efficiency. 

No filler plates are used in new welded trusses They are replaced by 
the spacer bars, desenbed in details in Fig 2, which gave simpler details and 
eliminate ambiguous design for filler plates 

The American Welding Society formulas for calculation of the required 
area of welds for end connections of the truss members give quite great 
areas for welds and, finally, such excess creates total amount of field welds 
greater than shop welds. (See Table III). 

In the present case this disadvantage of field welds will not increase 
considerably the cost of construction, because 1) electricity available on the 
site; 2) presence of the rest draw gives the best conditions for work; 3) 
simplicity of erection, and, 4) local perfect climatical conditions — and all 
these factors will insure about the same surroundings as in the shop. 

General procedure of construction for welded trusses will be practically 
the same as for riveted one — start from center pivot girder and proceed to 
ends — and to be executed according to the best present welding practice and 
the specifications of the American Weldmg Society and the American AssO" 
ciation of State Highway Officials. 

The observation of construction of the present semhwelded trusses for 
swing bndge and also many other jobs where weldmg is amply involved gives 
full confidence in the ability of the quahfied welders, civil engineers and 
contractors to handle and accomplish such a job with the best resiflts 
and economy. 

Weight and Economical Comparison of the Two Types — ^The weight and 
economic supenonty of the welded trusses is shown in Table IV and in the 
Estimate of Swmg Bndge (welded trusses) in Table V. 



Table HI ^Estimate of Shop and Held Weids, Used in Construction of Welded Trusses 



























Table IV — Comparison of Weight of Riveted and Welded Design. 
(Weight in Pounds) 
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Table V — ^Estimate of Swing Bridge (287 feet-3y2 inches) 


2 @110 foot == 220 foot 0 inches clearance 
26 foot 0 inches Roadway + 2 @2 foot Sidewalks 


1 Structural steel — 569,780^ ^ 48,431 30 

X Machinery (569780 x . 12 ) = 68370| @50c 34,185 00 

3. Floor Fbeamdok armored slab 

(28 17 X 287.3) x 15 5# == 125 x 07 ~ 8750 00 ] 

Concrete 75cy @18 00 = 1350 00 r 10,960 00 

Handrail 574' @1 50 = 860 00 J 

4 . Fender and piles 1,270 00 

5 . Operator's house 23,000 00 

6 . Draw rest 30,212.00 

7 . Fender round pier 17,282 00 


$165,340 30 

Contingencies 15% 24,801 04 

^ $190,141 34 

Cost of present structure — $219,275 00 
The saving in favor of using the welded trusses = 13 3% 

The saving in favor of the welded trusses for swing bridge in place of semi-welded 
present trusses = $68310 ~7: _ 4 8 jjl _ 33 3 % 


*) Unit prices based on the actual competitive bidding 1940, on which the contract 
was given for present semi-welded trusses and estimate was done Only unit pace for 
structural steel for welded trusses was reduced on Yl cent per pound, because a tremen- 
dous amount of shop layouts, details and handling of material were eliminated 


The direct saving in metal amounts to 189.218 lbs. or 25 5 percent 

The saving in cost in favor of the welded trusses for swing bridge in 
place of semi-welded present trusses equals to 33 3 percent 

The total saving in cost of the whole structure, using welded trusses, 
amounts to 13 3 percent 

The itemi2;ed weight calculations for the two designs are not included m 
this paper, because its volume will increase the si2;e of the paper without 
justification 

But Table I has the comparative weight of each group of members sepa- 
rately and It is in this table clearly shown in which group the arc welding 
is mostly effective The gusset plates and filler plates drop to 5 3 percent, the 
welds save 70 percent as against the rivetmg The saving of weight of 
pivot girder and ring girder needs a special explanation. 

By inspection of details of riveted pivot girder it is seen that a great 
amount of steel used as construction material due to riveted method is purely 
waste weight. To that waste weight belong. 

1) Filler plates under stiffener Ls 

16 X 1%^' PI X 81/2'' X4'2"' 66 r at 54.2 lbs 3620 lbs 

2) Filler plates under central stiffeners 

4—1%^' PL X 26" X 4'2" 16 7 at 165 8" 2770 lbs. 

3) Riveted to web stiffener Ls legs 

56—4" X X S'4" 298 5 at 8 5 lbs. 2540 lbs 

4) Riveted to web of flange Ls legs. 

8—8" X X 30' 240' at 30.6 lbs ^ 7350 lbs. 
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Reduced dead load on Pivot girder (780 8'“ for riveted 523.2^ for 
welded), requires the moment inertia of welded girder smaller and weight 
of girder reduces tremendously. Also, welded girders were effectively 
proportioned for the shear and Ijending stresses without loss of section due 
to rivet holes (Compare Figs. 3 and 4). 

The same analysis applies to the ring girder. 

It 15 typical case in comparison of riveted and welded girders of big sizes 

For average size and loading the saving in favor of welded girders runs 
about SO percent but in tins case it goes up to 62.4 percent It already shows 
the advantage of the arc welding in structural connections 

Economic Aspect of the \?^elded Trusses in Bridge Construction ^The 
direct saving in metal of welded trusses (25.5 percent) and the saving in cost 
(33.3 percent) cannot be discussed in this case in terms of mass production 
because this kind of bridge is used very seldom According to the author’s 
knowledge an average of only four highway swing badges are yearly built 
in the United States of America. 

Mr. O. E Hovey, in his ‘‘Movable Bridges \ (Vol. 1, p 40) gives data 
on swing bridges for the period of 1903 to 1923, where he says: 

‘T74 Railway and 43 highway swing bridges were built in this period by one 
manufacturer and it is beheved that they fairly represent the average practice 
in the United States for the past twenty years.” ^ 

But the same saving (mmimum 20 percent) in metal due to use of the 
welding process in bridge construction can be expected any truss bridges 
and this fact was proved many times in the last ten years in the designs and 
actual bridge constructions 

From that point of view, the effort is made to approach the present prob- 
lems in the national scale. 

The annual volume of bridge construction in the United States of 
Amenca obtained from the contracts reported by the Engineermg News 


Records: 






Bridges: 1936 

1937 

1938 

1939 

1940 

1941 

PubHc 173,749 

Private 14,067 

125,230 

7,895 

126,969 

7,664 

143,128 

7,503 

108,050 

12,101 

105,830 

5,798 

187,816 

133.125 

134,633 

150,(531 

120,151 

111,628 

Average $145,270,000 per year. 

In this table three 000 omitted, and also includes all types of bridges 
During those years structural steel used in bridge construction, according 
to the American Institute of Steel Construction: 

Bridges: 1936 

1937 

1938 

1939 

1940 

1941 

Highway J26,?36 

Railway 67,792 

420,093 

40,229 

359,000 

32,000 

377.000 

51,000 

392,000 

48.000 

221,000 

93,000 

594,328 

460,322 

391,000 

428,000 

440,000 

314.000 

Average 462,000 tons per year. 






In this table weight given in tons and includes all types of bridges. 

1941 data ia both tables omitted in deriving average sum, because this year 
already was affected by the present war conditions. 

Unfortunately, no general statistics are available as to die tonnage by 
bndge types as girders, trusses, etc. 
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The author’s study of the bndges built by the highway department of 
one large state from 1931 to 1942 gives the following comparison: 


Girder Bndges — 26,262,700 lbs. or 56 percent 

Truss Bndges 20,528,000 lbs. or 44 percent 


Now using the above shown statistics the following example is derived 
to show the possible savings in national bndge construction program as a 
result from the use of arc welding 


Structural steel m bndge construction per year 462,000 tons 

Structural steel m truss bndges per year — 462,000 x 44 203,280 tons 

Estunated saving due to the use of arc'weldmg — 203,280 x .20 40,656 tons 

Using pre'War price for structural steel in'place— 40,656 x 150 $6,098,400 per year 


That gives 4 2 percent of saving for total amountof money spent per year 
on bndges in the United States. 

Regardless of approximations and lack of the statistics, available on the 
subject. It IS evident the use of arc welding in truss bndge construction can 
save a considerable amount of money. 

Performance and Service Life— The method of construction of swing 
bridges (assembly starts from center of bndge and symetrically proceeds to 
ends) allows a free expansion of welded members and by that mmimi^es 
locked'up stresses, there are all chances to expect the performance of all 
welded trusses not only as satisfactory as the riveted, but better owing to 
the fact that there cannot be expected any loosened nvets under traffic, 
which are so important, especially in railway swing bridges. As was men- 
tioned before, the absence of nvet heads creates the smooth nice surfaces 
of members and increases the life of the bndge by the ehmination of many 
“startmg points” of rustmg around rivet heads and considerably saves 
maintenance expenses on painting Also reduced weight of trusses and 
machinery will yearly decrease maintenance and operation expenses. 

Social Benefits, Conclusion— Any progressive civil engineer will agree 
with the statement made by Mr Wellington in his “The Economic Theory 
of the Location of Railways”: 

“It would be well if engmeering were less generally thought of and 
even defined as the art of constructing In a certain important sense it is 
rather the art of not constructmg or to define it rudely but not inaptly, it 
is the art of doing that well with one dollar which any bungler can do 
with two after a fashion.” 

Refusmg to use arc weldmg in steel construction m the present time of 
war, when saving of steel is so important for victory, deprives a designer 
from a rank of the civil engineer to a bungler and stops the United States 
of America of at least 20 percent of structural steel and about 25 percent 
of money spent on bndge construction. On these savings of material and 
money could be built more bndges for the defense of our country. 

Arc welded steel structures are not revolutionary but are an evolutionary 
step in steel mdustry and could not stop It is an inevitable fact For the 
benefit of the United Stotes, for the victory of our country and allies, and 
m the future for the after-war recovery building program for the whole 
world benefit, arc welding should be used on a larger scale than it is used now 



Chapter VI — T-Beams for Residences 
^ By Edward J. Slygh, 

Campbell'Lowrie'Lautermilch Corp., Chicago, III. 


Subject Matter: Development of an arc welded beam which 
has been accepted and used by architects. Design computations 
and working tables are included. 


During four years that the author was employed in the engineering 
department of a structural steel fabricating company, one of his duties was 
to take care of the sales of fabricated steel to local customers. 

One particular group of local customers, the home builders, was con^ 
tinually bringing in requests for what they called a T^beam, — something 
to hold up the ends of joists in a house remodeling where a partition was 
being removed and the owner had said that he wanted ‘’‘no dropped beam" 
in the ceiling of his new living room. 

When such requests came in, knowing that the standard rolled T-section 
is not strong enough to span the opening or to carry the required load, the 
policy of the department had been to furnish two angles bolted together 
and of sufficient size to carry the indicated load. 

Things went along smoothly until one day a builder came in for “one of 
those T-beams" with such a loading on it that the required section for a 
15'^0 span was 2 angles 8 x 6 x It weighed over 1000 pounds and cost 
about $40. 

The author expected loud protestations from the builder but none were 
forthcoming as he had already warned the owner of the high cost and the 
owner had said that it would be worth whatever it cost to have his house 
the way he wanted it. 

The order was placed, the beam was fabricated, the owner was pleased, 
the builder strained his back erecting the beam, and the author had a firm 
resolve to look into the design of a T^beam using his knowledge of structural 
design, rolled shapes, and arc welding. 

Method of Attack and Result — ^The problem was to select the rolled 
structural shape or combination of rolled structural shapes which would 
have, 

a) Minimum width of top flange. 

h) Wide enough bottom flange to carry wood joists on both sides 
of the vertical web. 
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The following were some of the combinations considered 

Remarks 


Angles- 

double, back to back 

JL 

Poor distribution of 
metal 

Channels 

double 

A 



smgle and plate 



Beams 

single WF, narrow top flange 
by cutting 

M' 

Not flexible enough. 


smgle I, with plate 

X 

Poor distribution of 
metal 


split WF 

• 

Not enough metal in 


_L 

top flange. 


split WF, with one bar 

X 

Good design section. 


split WF, with two bars 

i 

Too much welding 


split WF, with angle 

± 

DifEcult fabncation. 


split WF, with bar channel 

X 

Too few suitable 
channel sections. 


split WF, with pipe 

X 

Too little metal in top 
flange. 


split WF, with square 

i 

Good design section. 


spilt WF, with round 

X 

Good design section. 


As the result of this study it was decided to compute the properties of 
cross section of the split WF beam with bars, squares, or rounds attached 
to the web by arc welding to form the top flange of the section 

Design — ^There were four steps taken in the design of these unsym- 
metncal sections, 

a) , properties of the cross section 

b) , amount and distnbution of weld to connect bar to split WF beam. 

c) , work up tables for selection of proper section for various loads, spans, 

and depths of section. 

^ d, check bearing of wood joists on bottom flange 

The first steps are most simply explained by referring to Fig 1 where 
the calculations for a typical T^beam are shown Since these calculations 
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were a bit tedious, the number of split WF beams considered at the outset 
was limited to two, — 12WF25 and 14WF30 with various bars, flats and 
squares. 

It was then a matter of working up tables from which a section of T^beam 
could be selected, given the span and loading. 

Estimated Savings in Weight and Cost^ — ^For the purpose of this com^ 
panson we will continue to consider the section which was designed above, — 


Weight: 




Unit Wt 

Total Wt. 

2Ls 6 x4xX2=14'-0\ 


32.4 lbs. per ft. 

453 lbs. 

10 Bolts 0-2/ 



12WF25 X 14'-0l 

1 Bar lx 3^ xM'-nl 


T 7 6 lbs. per ft 

246 lbs 

72*' Weld J 



Saving m Weight by arc welded design., 



207 lbs 


Cost 


Double Angle 


T'Beam 


Shop 


Shop 


Mark and 


Burn WF 14' @ .035 = 
Weld 6' @ .07 = 

.50 

Punch I2xf> @ .02 = 24 


.42 

Bolt 124 @ .01 = .12 


Fit 6' @ 06 = 

,36 

.36 



128 

Burden .39 

.75 

Burden 

1.42 2 70 

Material 453 lbs. ® .036 

16 20 

Material 246 lbs ® ,038 

9.30 

(Incl extras) 


(Incl. extras) 


Paint 453 lbs @ 0015 70 


Paint 246 lbs @ 0015 

40 

Draw 1.00 


Draw 

200 

Local dehvery 1 25 

2 95 

Local delivery 

100 3 40 

# 

$19.90 


$15 40 

Saving in Cost by arc welded design.. 

.... 

.... 

$ 4.50 


As these two sections were actually fabricated in the shop for testing, 
it was possible to get a check on the actual shop cost and the percentage of 
saving in cost as shown in the following table. 


! 

Descnption 

Wt ’ 
per 

Ft 

Umf 

Load 

Lbs 

Cost (S P ) 

% Savings 

Total 

Wt 

Unit 

Cost 

Total 

$ 

Wt 

Cost 

Esti^ ( 

Double Angle. 

32 4 

7440 


$4 40 

WM 



matcd\ 

T'Beam 

17 6 

8290 


6 25 


46% 

23% 

1 

[Double Angle, 
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Actuali 

jT'Beam, 








1 

^incL straightening 




6 08 




22% 


In order to get a true picture of the savmgs in both weight and cost for 
the entire range of the T^beams expected to be encountered, sections were 
designed for vanous spans and loadings. These two items of comparison axe 
presented in the following table. 


^In this and all following discussions of fabricator’s costs these average 
1940 figures will apply: 

Shop Labor 75c per hour 

Base Steel Price (Warehouse) 0355c per pound 
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Comparisons of Weight and Cost 




Uniform 


Cost 


% Savings 


Weight 

per 





Description 

Load 

Total 

Unit 

Total 


Cost 

Foot 

Lbs 

Weight 

Cost 

Cost 

Weight 

2Ls 5 X 3^ 3c X li'-O 

20 8 

4,590 

250 

$515 

$12 90 



/K-IO W.F 21 ”'1 
\Bar-lKx3^ |xU-0 

131 

4,640 

157 

6 45 

10 10 

37% 

14% 

2 Ls 5 X 3K s: K * 

27 2 

6,000 

326 

4 90 

16 00 




15 1 

5.950 

181 

6 55 

11.85 

55% 

26% 

2L8 6x4 x?4x14'-0 

24 6 

5,690 

345 

4 90 

16 90 



rj^-12WF 

\Bar-lKx>i |xl4-0 

15 7 

5,820 

220 

6 25 

13 75 

36% 

19% 

2Ls6x4 xj4xl4'-0 

32 4 

7,440 

453 

4 40 

19 90 




17 6 

8,290 

246 

6 25 

15 40 

46% 

22% 

2L87x4 x^x16'-0 

27 2 

6,600 

435 

4 50 

19 60 



1^-14 WF30°j,j,,^ 
\Sq.~l-sq m j 

18 4 

6,700 

294 

6 25 

18 35 

32% 

7% 

~l 

2Ls7x4 xJ4'x 16'-0 

35 8 1 

8,700 

573 

4 50 

25 80 



ff4~14WF 30-1 .g,_o 

i 

20 1 1 

9.150 

322 

5 95 

19 20 

44% 

25% 

2L8 8x4 xKx18'-0 

39 2 

10,000 

706 

4 25 

30 00 



/M'-16W,F 40°\^ ,g,_o 
iBar-2xK 

251 

10,100 

452 

600 

27 00 

36% 

9% 

2L8 8x4 x^x16'-0 

57 4 

16,400 

920 

400 

36 80 


h 

/j^-12 WF 40°\ 

\^-2'sq in. / X 16'-0 

33 6 

16,200 

538 

5 45 

29 20 

41% 

20% 

2L8 8i6 xJ^x19'-0 

46 0 

10,100 

875 

4 25 

37 20 



/K-18 WF 47°\ 
\Bar-2xK /xl9'-0 

28 6 

11,600 

543 

5 45 

29.50 

38% 

20% 

2Ls8x6 xKxl5'“0 

67 6 

18,500 

1.027 

3 95 

40 20 



/K~14WF.30°\ 

\Sq.'-2'sq in J x 15'-^ 

28 6 

18,100 

431 

5 60 

24 00 

58% 

40% 


Average = 

42% 

20% 


From a study of the variation of the percentage of savings of weight 
and cost of the arc welded T-'beam over the bolted double angle beam, it 
was decided to speak of the average savmgs as follows: 

Saving in Weight to 50% 

Saving in Cost 10 to 25 % 

Tests — At about this point in the development of the T^beam, it was 
felt that the figures indicated that there were several good features to it 
and that before proceeding further it would be wise to make up a full sue 
double angle beam and a T^beam and run tests on them. 

The primary reason, of course, for the tests was to check the action of 
the T-beam under various loads. Other reasons were to check the shop 
costs and procedures. 

Fig. 2 gives information about the two tested sections such as sue, 
dimensions, properties of section, loads, loadmg order, and the resulting 
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deflections, both calculated and actual. Photographs, Figs 3 and 4, indicate 
the general arrangements of the tests. 

After the completion of the tests, there was no indication of failure in 
either beam as a unit or of any of its parts. 

Progress:^ 

1. T-Beams m Air Conditioned Homes — ^There were two original uses 
contemplated of the T'-beam, — 

a) m the remodeling of residences to permit an unbroken ceiling where 
two rooms were being made into one by the removal of a common wall parti- 
tion, 

b) m the basements of new homes to give additional head room or to 
lessen the cost^ of the basement by decreasing the depth of excavation and 
concrete wall by the amount of depth of the beam ordinarily used under 
the bottom of the joists 

However, more homes were now being air conditioned, — ^in some, this 
was only a conditioned warm air system, while in others the more elaborate 
outlay of cooling the air was included 



Fig. 3, (left). General arrangements for tests. Fig. 4, (right). Another view of test. 


2 In checking over the actual shop costs of the second year for a confirmation of 
estimated sa^^ings in items discussed under this heading, the figures failed to show 
anything conclusive in the way of progress for the following reasons- 

a) Increase m labor and material costs. 

b) Decrease in amount of steel used in homes. 

c) Large volume of defense plant work which shunted shop attention to* 

other channels. 

Frankly, even after adjustments were made for increases in labor and 
matenal Costs, no improvement m shop costs could be noted due to quantitjr' 
production or m other means of lowenng the actual costs which certainly' 
would have shown up in normal times 

3 Example of saving m cost effected by reducing basement (25x32> 
depth 6 inches, that is, die depth of the ordmary d-inch I-beam: 

Excavation 25 X 32 X -5^ *^27 = 15 cy (g) .75^ = $11 00 

9" Concrete Wall (25 + 32) 2 X *? = 5^8 sf @ .50^ = 29 00 


Total Savmg $40 00 
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This involved sheet metal duct work and architects and builders were 
being confronted with the problem of introducing the ducts at the bottom 
of the interior wall partitions which were generally supported directly 
over basement beams. 

This arrangement required that the T^beam section be held to a depth 
which would permit the passage of the duct between the top flange of the 
beam and the underside of the sub^floonng. 

In the design of this section, then, with the overall depth kept constant, 
the T section of the beam became something less than the full V 2 WF and 
there arose the need for some convenient form of arriving at the properties 
of section for various depths. This need was met by graphs which 
were worked up for some of the more frequently used beams 

Usmg values obtained from these curves, the properties of the combined 
sections were calculated and from this mformation series of constant depth 
T^beams were designed 

Taking for example, the ^ 12WF25 and bar 2x%, good for 110,000 
pounds uniform load on one foot span, we find that the top flange of the 
constant depth beam should be increased to a bar she of 2x1 to carry 
approximately the same load This will add 1.7 pounds per foot to the 
weight of the beam. It will be noted, though, that this weight is not pro- 
bibidve and that the speed decreases m the lighter sections. 

However, the cost will be greater due to the added weight, slightly 
heavier weldmg, and the additional bummg cost in the splitting of the beam 
sections. Therefore, a comparative study was made of the weight and cost 
on a Imeal foot basis of the T-'beams using V 2 WF, and the bolted 

double angle beam. 

2. Continuous Beams — ^After builders had been buying T-beams for 
several months and had become more familiar with its use, it was suggested 
that continuous beams be used in the basement. 

Generally there were two beams required here, spanning the shorter 
dimension of the basement, near the center of the house and providing a 
base for the mam stair franung. 

Sometimes each of these beams was supported on one column and other 
times on two columns. In the latter case in the design of the section it was 
possible, due to continmty to reduce the section somewhat, from J/a Wl to 
^0 WL (Not to M.2 Wl because of the fact that the beams were only 
simply supported at Ae wall reactions) . 

At any rate, this was only a small consideration in comparison to the 
improvement in both the shop and field due to handling longer lengths 

In the shop there were only two finished pieces to handle compared to 
four or six and apparently there was no great difiSiculty experienced in 
handling the longer lengths. 

In the field, since these basement T-bcams were used a little above 
grade, tiie continuous beams could be slipped oflF the delivery truck and into 
the approximate location on the building foundation, thereby saving some 
erection expense In addition it was felt that the continuous beams afforded 
a stronger and more rigid .base on which to construct the mtenor house 
framing. Sec Figs. 5 and 6 for photographs of these beams in the shop 
and field. 

5. Stodk Lengths — As further progress in shop fabrication, T^beams of 
the most callcd^for sections are now made up in stock lengths of 40 and 60 
foot lengths. 
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This procedvire makes the T-beam a more desirable item for the shop 
beca\jse it enables, them to use the fabrication of these stock lengths for 
fill'in when the volume of work in the welding department is low 

Shop fabrication of stock lengths of T'beams not only improves the 
of reduction of shop cost but also permits quicker delivery of a 
relatively highly fabricated product. 

Conclusion — ^a) The proportionate savings in percentage of the T-beam 
compared to the double angle beam is, — 

'\j^eight 35 to 50 Percent 

Cost 10 to 25 Percent 

b) The annual gross savings to the home building industry^ by use of 
the T'beam in all units built in a year would be, — 

Home Remodelings $ 800,000 

New Homes, under $7,000 6,860,000 

New Homes, over $7,000 550,000 

Total Annual Gross Saving — $8,210,000® 

1940 1941 Annual Average 

4New homes, under $7,000 *203,000 *287,000 245,000 Units 

New homes, over $7,000 *46,000 *59,000 52,500 Units 

Total Annual Average 297,500 Units 

Remodeling, using T'beams (297,500 X $0% Estimated) 178,500 Units 

(•These approximate figures are based on information furnished by the F W Dodge 
Corporatioa) . 

®Homc Remodelings — No of units, 178,^00 @ $ 4 50 = $ 803,250 
Comparison 

2 Ls 6X4Xy2 — 32 4#/ftX14'==453#(a)$4 40= 19 90 
1/2 12WF25) 

Bar 2X% ) — 17.6#/ftX14'=246#@ 6.25= 15.40 


Savmg per Unit $ 4 50 

New Homes, under $7,000 — No. of units, 245,000 @ $28 00 = $6,860,000 
Comparison, Home 25 X 32, one beam 32'~0". 

Save 6'^ of basement (See Sub^note 3) $40 00 

(I/2WF) 

T^beam 15.9#/ftX32'==510#@$6 00=30 60 
, Std 6 " I 12 5#/ftX32'=400#(3) 4 70=18 60 —12 00 

Saving per Unit $28.00 

New Homes, over $7,000 — No of units, 52,500 @$1050 = $ 551,250 
Comparison, Home 30 X 40, two beams 30'-0" 

JL'beam 32.4#/ftX60'=1950#@$4.40 = $86 00 

(PeWF) 

T'beam 19 3#/ftX60'=U6a#@ 6.50 = 75.50 

Savmg per UniL.. — $10.50 
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c) Some advantages which derive from the use of the T-beam are. 


To Whom 

Feature 
of T-Beam 

Manner of 

Nation 

Light weight 

Conserves natural resources. 

Industry 

Labor 

Greater amount 
of labor. 

Gives more employment. 

Manufacturers 

Splitting W.F. 
Welding T'Beam 

Increases use of oxy^acetylene burning equipment. 
Increases use of arc welding equipment. 

Fabricator 

High unit price 
with less steel 
Light weight 

Fills special need. 

Allows fabricator more profit. 

Saves handling time and equipment. 

Stimulates sales to regular customers. 

Brings in new customers. 

Architects 

Special shape 

Gives unobstructed basement ceiling. 

Accommodates air conditioning ducts. 

Builders 

Less framing depth 1 
Special shape 

Reduces depth of basement excavation and wall. 

Permits unobstructed ceilings in remodeled homes. 

Home Owners 

Lower cost 
Strength 1 

Saving in total cost of home. 

More efficient use of steel framing. 

Designer of T'beam 

Development of 
an idea 

Experience of selling an idea to, 

(a) Management of fabricating company. 

(b) Architects, builders, and owners. 


Development of 
Tbeam 

Assisted author in securing a position offering greater 
opportunities with another employer. 


d) Finally — In thinking through the advantages that accrue from a 
simple arc welded beam used in homes, one comes to the realization of the 
positive forces from which arc welding derives its potential for making a 
better world in which to live. 

Arc welding not only conserves national resources and affords labor 
more employment, all at a less cost to the ultimate consumer but it also 
contributes to the development of those people who work with it, who study 
it, and who try to understand it. 



Fig. 5; (left). Shop view of T-beams. Fig. 6 , (right). Field view of X-beam. 





Chapter VII — Steel Framing for Residences 
By S R McKay, 

"McKay Engineering Company, Cleveland, Ohio 



Subject Matter: Design analysis based on a residence, said to be 
the first all welded steel ‘framehouse Two ideas are presented: 
(1), a clip connection designed to make a permanent field con- 
nection, (2), a wedge connection between column and beam. 


S R IVlcKay 

This paper desenbes and analy 2 ;es the construction of a 100 per cent all 
welded, structural steel frame for buildings of all designs including homes. 
The scope of this paper will be an attempt to present the practical side and 
not the technical science of welding 

Outgrowth of the Skyscraper — As everyone knows, the rigid steel frame 
which made the modern skyscraper a possibility, was originated more than a 
half century ago, but the universal tendency of the human minds to run in 
grooves and to think of things only from one point of view, delayed the 
application of steel framing to smaller buildings Architects, builders and 
home owners kept thinking of steel framing as a construction very desirable 
on many-storied buildings As so often happens, once the new method is 
applied, everyone asks, ''Why didn’t we think of this before^” 

The First Real Advance in Home Building Methods in Hundreds of 
Years — In 1902 America’s first large steel-framed office structure, the Flatiron 
Building m New York City, opened a new era m American Building design. 
The skyscraper became a reality 

Most of us know that the field of residence construction has failed to 
keep pace with the rapid progress m the commercial field Yet all the time 
the logical and practical advantages of low cost, all welded, steel framework 
for homes were only waiting for someone to see and apply. Now, with our 
improved structural steel, all welded, steel framing, the first real advance 
in home buildmg methods in hundreds of years has been made. 

Engineering in Home Construction — ^If the manufacturers of automobiles 
had not brought steel into the framework of the modern car, there is little 
possibility that the average American could afford one. What was once 
called a luxury, is now almost a necessity. By the use qf accurate steel fram- 
ing, it was possible to detail and fabricate all the parts that go mto the car. 
Every piece of material that goes mto the car is fastened to the frame, directly 
or mdirectly. 

Production Units — Steel framing in a home, as in an automobile, makes 
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Fig. 1. Erection dip. 

It possible to prefabricate all the parts that go mto the home, Engmeering 
science is the answer to reduang the cost of home construction, and this 
IS possible only through the use of a ngid and accurate structural steel frames 
work, that can be erected with a hammer having no bolts or rivets. 

Fifteen Years of Research Work — ^For the past 15 years there has been 
much interest, study and development of steel framing for residence con-- 
struction. When the idea was first brought to the attention of the public 
by the designer and inventor of the steel framing and systems, the idea was 
scoffed at as being ‘"visionary” and “ndiculous”. 
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The United States Steel Corporation made a survey of steel framing and 
construction systems. Nearly one hundred different types of construction 
were studied. At the completion of their survey in June, 1932, 56 designs 
were published in a book for circulation withm the Corporation, including 
the R R Schwarts; House, The Colorado Fuel and Iron Co house, and the 
Steehbilt Homes, Inc. houses, all licensed under pending and granted 
patents. 

A book was published later for the public entitled “Steel Framing for 
Small Residences ” The R. R. Schwartz residence designed by the author 
was chosen as an illustrative example and given 14 pages of discussion. Steel 
tables were set up based on our design This system has been developed into 
commercial building of all kinds. The Schwartz residence was the first all 
welded house 

To quote Roger Babson, “Two mdustries are one of our greatest hopes 
for solving the unemployment question The industrial revolution has 
given America her standard of living I am convinced that even greater 
progress lies ahead Prefabncation will some day force building to drop its 
medieval ‘"hammer and saw’' customs but so far results have been disappoint- 
ing The poor comparison of a hand-made $10,000 house with a factory- 
made $1,000 automobile means prefabrication will wm”. 

To quote President Roosevelt, “It is estimated that an average of 600,000 
to 800,000 dwelling units ought to be built annually over the next five years 
to overcome the accumulated shortage If the building industry is to play 
the vital part that it ought to have m our economic system, it must do it in 
the charactenstic American way It must develop, as other great industries 
have developed the American genius for efficient and economical large-scale 
production” 

Relief or Jobs — If we are not to be burdened with a relief problem, new 
mdustries must be financed and will prove an attractive investment The 
United States census for 1930 shows that there were boys between the ages 
of 15 to 17 years old, numbering 24,366 in Cleveland, and 28,098 m Cleve- 
land’s four suburbs, making a total of 54,484 boys who probably graduate 
from school or quit school to go to work, plus boys graduating from college 
Each year we will have the same situation Two things can happen, they get 
jobs or else — . Relief is the only other answer. It is new ideas that will 
provide the necessary jobs 

Where Are We to Find Tradesmen? — ^The production units will solve 
this problem 

Unions have been working on the policy of “No apprentices and we can 
demand higher wages” In ten years death has taken young and old mem- 
bers of the union Then again, many have found employment in other fields. 
For the past two years, we have felt the shortage of men in Cleveland. The 
time required to train an apprentice is four years 
The Cleveland Union Membership 


Carpenters’ Union 1928 — 6,000 1938 — 4,000 

Bricklayers’ Union 1928 — 2,200 1938 — 1,100 


Past Experience in Building Construction — ^Records of Cleveland Building 
Construction show that there were times when we were compelled to pay 
as high as twenty cents per hour over Union scales to get men. All we 
were doing m those days, was robbing Peter to pay Paul, Building costs 
rose so high that people would not build. Naturally, causing a depression 
in the building industry. All welded framing and production units are the 
answer to solve our labor problem. 
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Union Scale Comparison 

in Field and at Shop 




Field 

Shop 

Carpenters 

Iron Workers 

.$1 37H 
.... 1 621/2 

60 

60 

to 

to 

80c 

93c 

Painters 

1.50 

01 c 

80c 

Metal Workers * 

1 37/2 

60 

to 

Common Labor 

... . 90 

40 

to 

65c 


The Economies of Production Units — It should be remembered tbat the 
production units produced by machinery and m large quantities would result 
in a very much greater saving than that shown in the above comparison or 
shop and field costs. It should also be noted that due to large quantity and 
machinery production, there also would be a very great saving in the pun 
chasing of materials 

Speed of Construction— This increased proportion of shop work done, 
obviously will reduce the labor and cost on the job Under existing building 
methods, at least three months time is required to complete a house It is 
estimated that a production home should be completed in one month 

Gold Mine of Wages— The richest gold field in the world is that of South 
Africa During its productive [ife‘'tin'ie, it has so far produced a total value 
in gold of approximately seven billions of dollars 

When the automotive pioneers — ^Ford, Leland, Briscoe, Durant and 
others — first discovered gold on the plains of Michigan, there w^as not a 
dollar s worth of employment or of wages available in the industry It 
started from scratch Since 1900 and including 1937, there has come from 
that modest little discovery a golden flow of wages aggregating the stupendu- 
ous sum of 84 billions of dollars’ Wages directly traceable to the automobile 
to say nothing of dividends paid stock-holders 

There is, today, a greater gold mine of wages to develop and that is the 
production of homes 

Engineering science that has given the automobile great success will do 
the same for home construction 

A detailed survey recently made by a trade research committee drawn 
from Subsidiary Companies of United States Steel Corporation for the 
purpose of investigating the potential demand for steel in residence con- 
struction was completed in 1932 Nearly 100 different systems of construc- 
tion were studied A number of residences built in accordance with these 
systems were inspected by representatives of the committee. 

The following detailed analysis is based upon a study of the design of 
the R. R Schwarts; residence. This particular residence was selected as the 
illustrative example for three reasons 

1, sufficient information was available upon which to predicate a design 

2, the structure received nation-wide publicity while it was being erected 

3, It IS reported to have given satisfactory results 

Stud Analysis — ^The typical studs were American Standard Channel 
Sections, 3 inches deep, weighing 4 1 pounds per foot 

d = 3" b = 1.4 U' t = 0.17" Area 1 19 Sq In 


Properties 

1 

5 

r 

Major 1-1 — 

Minor 2-2 

I 60 

0 20 

1 10 

0 21 

1 17 
0 41 


Longest studs are 10 ft long 1 “ 120 m. 
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Fig. 2. Wedge-weld steel frame. 


While the partial fixity at ends due to welding is advantageous its effect is 
too elusive to warrant any allowance The strut is, therefore, assumed to 
have both ends free It is good practice to use the greatest length as a 
criterion for designing all typical studs. 

Major Axis ^ — 102 5 

Using A. L S. C. formula* Workmg stress = 11.4 kips per sq. in. Using 
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^2 Er2 

Ruler formula: Ultimate Stress — p — = 26.7 kips per sq. m. 


Factor of 


Safety = ^ 2.35 

As beams to resist direct wind load, 3"inch channels 4 feet apart, are evidently 
more than adequate. 


Minor Axis — = 293. The handbooks mve no value for a ratio of slenderness 
r 

as great as this. Ruler’s formula is, therefore, employed. 

Ruler formula. Ultimate stress = 3.33 kips per sq. in. 

This IS the maximum allowable stress on the unbraced section, that is, durmg 
construction. 

To determine at what intervals (1) the section should be braced so that its 
minor will equal its major strength. 

Minor Length = Major Length X = 120 X 42 ms. 

In view of the fact that the usual methods of anchorage may not produce 
absolute rigidity, it seems desirable to reduce the mtervals between braces to 
not over 21 inches. 


The following loads per square foot of surface were used in checking 
the adequacy of the design 

Vertical live loads 

Floors — 40 lb Roof 29 lb (incl wind component) 

Dead Weight of Materials 

As obtained from plans Some changes therefrom were made in actual 
construction. 

Floors 

Steel, 12 5— 4 3 lb 

2" Hollow furred tile 10 

2 coats plaster 6 

2" X 4" pine, 16" centers.— 2 

Wood, sub-and 
finished 4 

251b. 

(Subsequently changed to 2" Hay^ 
dite Concrete) 

Walls 

Steel 2 

4" Brick Veneer 19 

2" Furred Tile 10 

3 Coats Plaster 9 

401b. 

Studs during construction 

Provided a straight 3 inch rolled channel section, used as a wall stud, is 
not over 10 feet long, it may be subjected, pnor to anchorage to a working 
stress of not more than 1 42 kips per square in This evidently means that 
no filling matenal should be placed between or on the floor joists in any floor 
supported by the stud until after the anchorage material has reached that 
floor 


Steel 3 0 lb 

2" X 8" pine 

24" centers 2 4 

wood sheathing 2 6 

Shingles 3 0 

111b 

4" Partitions 

4" Hollow Tile 15 

2 Coats Plaster, each side— 10 

251b 

2" Partition 20 lb 

6" Partition 30 lb 
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Check Criticail stnd occurs in First Story on Front Elevation next to right 
comer Panel equivalent = 5 feet* Floor span =15 feet Tributary 
Floor and Roof area = 5 x 7V2 == ^‘7.5 square feet 
Weight of steel floor and roof framing = 3 (375X3)=0 34 kips 
Assumed Accidental Load = 1 00 


Total Constructed Load 1 34 Kips 

An unbraced 3" channel is safe for 

142 X L19= 17 kips 

Therefore the unbraced stud will safely carry the steel framework 
Studs in Completed Structure — ^The same stud, with both flanges securely 
anchored to adequate adjacent material at least every 21 inches, may be 
subjected to a total stress, after construction is completed, of 11 4 kips per 
square inch 

Check. Tributary Floor and roof areas = 37 5 sq ft. 

Tributary 2nd floor wall area = 40 0 sq ft. 

Completed floor and roof load *= 4.9 kips 

Completed Wall Load = 2.8 kips 


Total completed load 7.7 Kips 

3" X 4 1# Channel is safe for 

114 X 1 19= 13 6 kips 

Therefore the braced channel will safely carry the loaded structure. 
Critical joist in first floor is 5 feet from rear end of living room. 

Span = Average panel 4 Tributary area 69 sq. ft. 

Allowable deflection due to live load ~ 1/360 span = O.5I mch. 

Dead load + live load = 1.725 X 2*760 = 4*485 kips, uniformly distributed. 

71 

Bending Moment = — = 102*5 inch bps 

o 

A 6unch X 12.5'-pound LBeam was used* 5i “ 7.3 li = 21.8 

5 Wis 

Deflection due to dead load = — - X " • ^ = 0.217 in. 

Deflection due to live load, 0.347 in. 

The live load deflection is therefore within the limit allowed. Fibre stress 

due to total load = = 14.1 bps per sq, in. 

01 

Gifts — ^The functions of a girt are: 

(a) To tie together the ends of the studs 

(b) To provide a bearing seat for the ends of the floor joists or, m the 
case of an eaves plate, for the ends of the rafters 

(c) To transfer the loads from the joists or rafters to the adjacent studs 

(d) To act as stmts to withstand the pull of the diagonal members of 
the sway bracing system. 

In order to provide for these functions in steel framing, the following 
notes may be helpful 

(a) It has been found that any member adequate to fulfill its other func- 
tions will form a suitable tie section In order to provide a convenient detail 
for receiving the ends of the conrtectmg members, it should preferably have 
an available honijontal surface. 

) It is usual to space such joists or rafters so as to come either above, 
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or within a few inches of, the corresponding stud. With this arrangement the 
bending moment on the girt is neghgible. When, however, the respective 
members are not adjacent (as over a door or window opening) , the bending 
must be provided for. This may be done either by the use of a special 
stronger section or by the insertion of an additional girt section under the 
regular one. 

In all cases the web of the first girt should be dimensioned by the usual 
rules to resist buckling due to the maximum vertical shear. 

(d) The critical case in a 2'Story residence usually occurs at the second 
floor girts. Here each girt is usually braced in both planes by the connecting 
joists and studs. It is desirable, however, to transmit the force of the 
wind on a typical tributary area, and to see that the girt is adequate to trans^ 
mit it. 

Note: The complicated roof framing, caused by the architectural require- 
ment that the roof cut through the second floor ceiling was easily handled by 
welding. The frame consists of standard rolled steel shapes, cut accurately to 
length at the Carnegie Steel Co warehouse and assembled at the site by 
three steel workers, the connections made with a Lincoln portable arc 
wdding machine. 

This construction proved to be very costly and only one house was built 
by all field welding The method was not practical for the following reasons; 

(1) Vibration of frammg due to the iron workers moving steel, welder 
always making contact with the steel. 

(2) Too much scaffoldmg was required. 

(3) Very difficult to Ime up and plumb 

The design of steel frammg we have never changed, only the method 
of welding 

Fig. 1, Clip Connections 

(c) Supporting Lugs — ^made up with y 2 'mch plates welded together 
having four — i%6-inch holes punched m upper plate 

(d) Supporting angle lugs with two — ^YiQ'inch holes punched in one 
flange. 

These lugs support the live and dead loads. Welding must be figured out 
according to the load. 

(c) y2x4x 12dnch steel plate four— welded to upper 
and lower flanges of girder beam 

(f) 1/2 X 4 X 7'inch steel plate two — ^%e-mch holes welded to upper and 
lower flanges of Purlin beam 

(a-b) Are clips made from ^-mch half round, formed to the shape of 
a U. These clips go through holes in c, e, d and f and are part over 
the top of e and f. 

Clip a and b must be held tight under c and d before bendmg friction 
grip will be obtained. We have found from expenence that this framing is 
more rigid than any bolted job and much quicker in erecting. 

Base Plates — Y 4 x 12 x 12 steel plates are welded to the bottom of column 
forming a base plate 14 ^ 12 x 12 steel plate bed over anchor bolts on foot- 
ing. If care is taken to have these plates leveled nght, frammg should plumb 
and line itself 

All commercial job frammg should receive about 10 per cent field welding 
after erection 

This clip method has worked out very satisfactonly on homes and build- 
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ings such as theatres, churches, factories and buildings which we have 
erected With this design it is possible to even bolt the job if desired Field 
welding would not be needed 

Many of our lighter framing jobs had no field welding The only load 
the clip takes would be the wind pressure. Clips give the framing the 
rigidity required 

Wedge-Weld Steel Framing — ^Fig. 2 is our latest design 

This design is somewhat like the design of a bed illustrated in Fig, 2. 
Design consists of the following members 

(a) Are 2 — % xlxl/s angles — welded to flanges of columns 

(b) Are 2 — ^ x 1 x J4 angles welded to web of columns 

These angles are welded to the shape of a ‘‘‘’V'’ V/e would recommend 
a continuous weld on the outside of angles 

(c) Supporting lugs made up with ]/ 2 ^ioch plates welded together^ as 
shown before erection These lugs support the live and dead loads, having 
a continuous weld on two sides C on the flanges of columns 

(d) Support the Purlin beam load and are welded to the welt of colunan 
these lugs are I /4 x 3 x 4 angles Weldmg to be figured for the load required 

(e) 2 angles ^unch x 3 V 2 mches x 6 inches The 31/2 inch flanges to be 
cut the same tapper as the ^"inch x Dinch x J/gunch angles, marked A. 

These angles are welded to Girder Beam — ^welding figured according to 
load Weldmg on all the above members can be shop or field weldmg 
Care must be taken to get accuracy for a rigid framing 

After erection the framing to receive 5 to 10 per cent more field weldmg 
Field weldmg must be done after framing has been lined up and plumbed 
No scaffoldmg will be required with this design 

We do not propose to set up a chart for the si 2 ;e of welds equivalent m 
shearing strength to nvets of various diameters We do not believe in 
sacrificmg the appearance of a job to save a few welding rods A continuous 
welded job while it might take more weldmg rods always has the appearance 
of being a better construction, and will have a greater factor of safety. 

Comparison of Welded Construction with Riveted Equivalent— In at^ 
tempting to substitute by comparisons with the riveted construction,^ the 
advantages to be obtained by usmg welded construction, it must be said in 
some instances it is going to be quite difficult to give definite conclusions as 
to the saving in cost resulting from its adoption However, it is believed 
that there will be presented enough definite proof supported with actual 
figures that will be substantiated conclusively the advantages resulting from 
the use of welding. 

Weight— The design shown in Figs 1 and 2, if fabricated, with riveted or 
bolted connections, the difference in weight of steel would not vary any. 
Some engineers might figure by having welded connection that they could 
reduce Ae weight of the actual structural steel members To our way of 
thinking this would not be good practice Steel should be figured as if the 
framing were going to have the old type nveted or bolted connections. 

Fabrication— The advantage of the welded job would be that the fabric 
cation could be done on the job in the field 

.Qmall Fabricators — ^It is possible on factory buildings where they have 
extra ground space where weldmg could be done in the field to purchase 
the steel cut to length direct from the steel mill We herewith present a 
schedule of cost for cutting steel at the mill. 
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Cutting Extras 

Friction Saw Cutting Structural Shapes 

Beams, Channels, Tees, Zees 3" and over and Angles over 6 " either leg. 
Angles 6 " leg and under— See Shearing Schedule 
Length 5' and over, no charge for cutting 
Minimum Charge 35^ per item of one length and one size 


Pounds 

Per Lineal 

Foot 

Under 

5 ft long 

Per Cut 

TT 1 n Ike $0 07 


10 


15 


20 


25 


30 

90 0 and over 

35 


Any section over lO-inch flange — ^where cut to under 5'inches long- 
Price on application 


Shearing Charges — ^Legs of Angles 


10 Ft 
and Less 


Over 
10 Ft to 
20 Ft 


Over 
20 Ft to 
30 Ft 


Set-up charge .......... — $1 00 net $1 00 net $1 00 net 

Per cut for each leg of each angle ..... 25 50 


Add to the above, the regular length cutting extras Charge gross 
weight 

The leg sheanng operation is done before cutting to length Thus 2 
angles 5 feet long would be subject to only one 25 cent leg shearing extra 
since this operation would be preformed on a 10 foot angle 

You will note the mill makes no charge for cutting of steel over 5 feet 
in length. The minus and plus tolerances required by the mill for cutting 
will work out satisfactorily for welding. With this method small welding 
fabricators could enter this field 

Painting — On all steel frame welded jobs painting would have to be done 
in the field It is not good practice to try to do any welding on steel that is 
painted. 

Potential Demand — Quoting U. S. Steel, the potential demand in the 
United States for one and two family residences is 300,000 per year. In this 
survey 56 systems of steel construction are described. For the purpose of 
estimating quantities of material required, the average residence is assumed 
to contain six rooms 

(a) , average steel required for economical Framing would be 1]/^ tons 
per room, totalmg 2,250,000 tons per year, mostly in the form of small 
rolled shapes. 

(b) , there is a growing demand for steel framed residences of individual 
design 

(c) , average steel required for covering all surfaces except floors would 
be % ton per room, totalmg 1,350,000 tons per year, mostly m the form of 
sheets or strip. 
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(d), no important domestic demand has yet developed for residences 
entirely covered with steel 

The present field for the multiple production of identical factory manu- 
factured residences is believed to be comparatively small. This conclusion 
differs from that of others who advocate the factory-built home. 

No proprietary system of construction, having sufficient merit to be 
considered ideal, has yet been developed, but it is possible that a satisfactory 
unit system may be evolved by its many mvestigators 

The most satisfactory framing systems that have been encountered are 
non^propnetary ones which utiln;e ordinary rolled steel shapes. 

(a) The most promising method of fostering the demand for steehframed 
residences is to encourage many architects, builders, and owners to apply the 
rolled shapes now available to their individual designs. 

(b) In order to faalitate the use of steel in the framing of residences, it 
is recommended that a booklet be prepared and widely distributed, contain' 
ing information as to the proper use of steel for this purpose. 

Extent of Market — ^It has been estimated by other investigators that, 
assuming an average of five persons per family, there are 24 million homes 
(single or multiple) in the United States Based on replacing two percent 
of these annually, and allowmg for new construction to accommodate the 
increase in population, the total requirements were estimated to be 780,000 
homes a year In view of the considerable number of people livmg in apart- 
ments and hotels, these investigators reduced this figure to 300,000 new 
houses per year. 

In order to determine whether this estimate should be accepted for the 
purpose of the present survey, the field has been re-analy 2 ;ed from a some- 
what different standpomt. 

Reports compiled by the Dodge Statistical Service and by the United 
States Department of Labor, covering the number of one and two family 
residences built in the 37 states east of the Rocky Mountains, are as follows. 

Number of Dwellings Built Annually 


Costing Casting Totals---! ^ 2 Family Houses 

$y, 000— $10,000 $10,000 U. S. Department 

and over of llbor 


1926 127,768 31,379 1?9,147 230,493 

1927 132,803 33,173 16y.976 189,497 

1928 148,627 36,822 187,447 167,267 

1929 112,926 27,677 140,781 117,688 

1930 77,057 17,188 89,247 68,843 

1931 67,707 13,774 79,479 60,439 


Avetage $110,481 26,662 136.643 $138,704 


U. S Department of Labor figures arc permits issued in 311 cities having a population 
of 25,000 or over. Total population of these abes — 47,091,551. 


If the average of the totals (Dodge) he prorated to include construction 
m the remaining 11 states, the total indicated is 151,673. 

At the\)resent time, the population of the United States is approximately 
40 percent rural and 60 percent urban The trend indicates that an increas- 
ing proportion of the population is being concentrated in cities. While all 
of the rural population live in private dwellings, only about two-thirds of 
those living in dries arc assumed to occupy individual homes. 
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The Dodge total does not include residences in rural districts where the 
Dodge Company maintains a reporting service, nor does it include any resi- 
dences costing less than $5,000. It would appear reasonable to estimate 
100,000 such dwellmgs, which would make a total of approximately 250,000 
houses per year. This may be taken to represent the present annual growth 
of population The previous estimate of 300,000 houses per year may, there- 
fore, be accepted as approximately representing potential demand in the 
near future. 

Social Advantage — ^Hornes and buildmgs.of better construction at lower 
cost than the present construction, saving the Owner the first initial cost, has 
a social advantage. 

These homes and buildmgs will have a greater resale value even though 
they stand for a hundred years. 

The city dweller is safer from hghtning than the country dweller, both 
because of the steel buildmgs and because of the network of electric power, 
hght and communication wires with their lightning arresters and other 
grounded conductors Of 749 fires by lightning reported in Iowa for a five 
year period, only 153 occurred in towns. The remainmg 596 were farm 
dwellmgs and barns Nme out of ten of these buildings burned were not 
protected by lightning rods Most of the deaths from lightning, and about 
600 per year is the toll for the United States and for Canada — occur in the 
open country 

Only a few years ago lightning was one of the most senous menaces 
to oil fields and tanks where petroleum and gasolme are stored, but today 
protective overhead systems conduct the incendiary bolts harmlessly into the 
ground. Perhaps it is not too much to expect that some day the forests — 
the most numerous victims of lightning — will be effectively protected 
against this greatest of all sources of forest fires. 

Fire Hazard — ^The protection of important framing members against fire 
is always desirable. The same need does not necessarily apply to secondary 
parts In some attempts to render residences fireproof, concrete and steel 
have been used to the total exclusion of wood, even for roof framing and 
trim. When considering the fire-resistive ability of any dwelling, the hasjard 
should be correctly appraised, otherwise a construction is apt to be used 
whose advantages may be hardly commensurate with its cost 

As an indication of the attitude of fire underwriters toward fire resistive 
houses, the following table gives the average firm insurance rate for city 
dwellings in Cook County, Illinois, as of January 1931 

Rate per Year 


Per $100 

Type of Construction Valuation 

Wood frame with wood covering. $0 40* 

Wood frame with bnck veneer. 0 20 

Semi-fireproof 0 10 

Wholly fireproof 0 06 


Of all residence fires nearly 15 per cent start on the outside of the roof, 
and 70 per cent below the first floor (Basement walls are alway/fireproof) , 
Non-combustible roofing and a fire-resistive first floor construction will 
therefore remove approximately 85 per cent of the hazard. 

If the greater part of the structure itself is non-inflammable the contents 
of the rooms are tlie only combustibles that can be consumed. In residences 
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the combustible contents are of limited value and the increasmg use of steel 
furniture should make the fire risk still less 

Depreciation — ^Banks and loan companies never knew how poorly homes 
were constructed until they were compelled to foreclose on so many homes. 
During the depression they had found that these homes had a greater 
depreciation value than they had expected to find Homes constructed with 
steel framing and fire-proof matemls will have little or no depreciation The 
banks and saving loan companies have always given us a greater appraisal 
value than they would on the wood constructed homes. In other words, they 
have granted larger loans 

Insulated Homes — ^Many people have sacrificed fire protection for insula-' 
tion. While there are other msulatmg matenals on the market that are 
fire-proof insulating matenals and cost no more than what they are usmg 
today 

The reason that these fire-proof matenals have not been used with wood 
construction is due to the fact that wood frammg would not support their 
weight, with steel framing it is possible to use them, as the steel can be figured 
to carry any load. 

Comparative Cost of Riveting and Welding — Estimated cost of our 
Wedge-weld connection. Fig 2, and rivet construction: 

Riveting Construction 

Biveting shop and field work — ^Iabor..-@ 35^ per rivet $5.60 


1 ^— Rivets 1^/^^ .28 

Steel 20— @ 2%^ 50 

Punched holes — 28 @ 5^ 1 40 


$7.78 

Welding on Wedge-Weld Construction 

Labor on Welding @ $1 00 per hour 1.00 

12 Rods— (a) 61/2^ 78 

Steel— 32# @ 2V2^ 80 


$2.58 

$5.20 saving over a rivet job No erection, painting overhead, insurance 
or taxes are figured m the above Erection cost should be about $10 a ton. 

The above estimate has been based on one connection on girders and 
two connections on Purlin beams. 

Building 43'4 X 101'4 

We shall take for example a factory building of the above si2;e of steel 
framing and masonry walls, live and dead load figured at 50 pound roof 
construction timber The clear span of a 24'" X 9" @ 74 pound girder beam 


42'0 span, 5 bays @ 20'0 span. 

On this job we would have the following steel: 

6 pcs. 24'' X @ 74# 42'0 long weight 186 48# 

12 pcs C B Columns 6I/2 X 8 @ 24# X 16'0 46 08# 

10 pcs. Purlm Beams 10" C B. @ 21# X 20'0 42 00# 


Total Weight 274 56# 

Sheet cost per pound 2^2^ 


$686 40 
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Rivet Connection 

Steel $686.40 

12 pcs. Girder 6? Purlin Beams Connection @ 7.78 93.36 

Erection cost at per pound 274 J6 

$1054.32 

Wedge — ^Weld Connections 

Steel $686.40 

12 pcs. Girder & Purlin Beams connection @ 2.58 30.96 

Erection cost per pound 205.92 


$923.28 

Welding will show a saving of $131.04. We have not included any 
bracing angles, lintels, painting, insurance, or profit. 



Chapter VIII — ^Arc Welding and Modem Steel Houses 

By Lawrence C. Blazey and George B. Rogers 

Secretary, Designers for Industry, Cleveland, Ohio, and General Contractor, 
La\ewood, Ohio, respectively. 



Subject Matter: An attempt to remove the bad reputation and 
high cost of previous experimental steel fabricated houses by 
using a panel which has been employed for 10 years in coinmer> 
cial buildings. In order to reduce erection costs, the bolt and 
nut technique was replaced by arc welding. Flexibility and speed 
of arc welding methods were the principal factors ‘in helping to 
reduce the erection costs. 


Lawrence C. Blazey 


The product discussed in this paper is a prefabricated structural panel 
which, for the past ten years or more, has been manufactured for use in 
various types of structures, such as: gasoline stations, commercial buildings, 
and residences. 

During this time, I formulated many ideas which, about four years ago, 
resulted in my starting the design of steel houses. 

It was only natural that I should apply these new principles to residence 
construction. I immediately set about to find ways ^d means of designing 
a steel house that would take advantage of the most recent engineering im^ 
provements and technical applications of various new materials and processes 
so as to make a steel house as interesting, artistic, and as practical as possible. 
We endeavored to rectify the bad reputation that previous attempts at erect" 
ing steel houses have created. To live down some of these bad experiments 
was a challenge to us which we were confident of overcoming. Naturally, 
the problem of cost was a prime requisite although, from our past experience, 
we had gained knowledge of erection short cuts. We were sure that diere 
were still greater improvements that could be made. 

A house is a much different problem from a commercial building, in that 
it must have a warm, receptive quality and, although designed modem, it 
could not be too extreme for the public taste. About a year ago we had com" 
pleted a great many drawings for residence construction. In order to confirm 
our ideas and to allow us an opportxinity for experimentation, I decided to 
erect a sample house for myself into which we could introduce anything in 
the way of engineered living improvements within a reasonable cost. This 
first house has just been completed, after almost two years’ of very intensive 
study. 

In our previous erection technique, it was necessary for the iron workers 
to drill holes for securing the floor, ceiling, and side wall members with 
sheet metal screws. It was also neee^ary to secure the floor and ceiling 
panels with bolts to the supporting angles. TTiis took a great deal of time, 
and it was realized that erection costs could be reduced by the expedient of 
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arc welding. A single operator could follow up the erectors who merely have 
inserted screws for temporary support. It may be of interest to note at this 
point the physical characteristics of this system, referring to Figs. 2, 3 and 4. 

The first requisite of a steel building is a foundation with concrete slab, 
around which is cast a concrete curb. On top of this curb there are anchor 
bolts fastening down a 3 -inch x 3 'inch twelve-gauge angle. 

The prefabricated panels are 16 inches wide, galvanized, and given a 
Paint'grip finish, and are made with male and female interlocking ribs. These 
panels are the full height of the building. Erection is started by putting 
up one corner. After plumbing the corner and guying it with wires, all sub' 
sequent panels are interlocked together around the entire building. All of 
t hosp panels are bolted to the base angle with hook bolts around the ribs. 
Likewise the top of the panels is bolted to a twelve'gauge “Z” section which 
makes them rigid at the top. 



Fig. 1. Architect's rendering of house. 


The roof or ceiling panels either 12 inches or 16 inches wide are then 
dropped onto these “Z” sections. The floor panels are laid in the same manner. 
In both cases the structural ribs are uppermost so as to receive floor or roof 
sheathing. In the house hereinmentioned, instead of using sheet metal screws 
or bolts to fasten the ceiling and floor members to the outside walls, (See 
Fig. 2) we have used the arc welder to tack weld the ribs together on the wall 
panels, and also to attach the eighteen^gauge floor and ceiling units to the 
supporting Z’s. It was necessary, of course, to use a low current, between 
60 and 80 amperes, so as not to burn holes through the eighteen-gauge metal. 

This operation proved very rapid and, with one operator, it was possible 
in two days to tack weld the ceiling members and all the door and window 
lintels, as well as the sills. All of the openings were strengthened by tack 
weld. It was also necessary to install a 6 inch — 12 poupd “I” beam as a ceib 
ing support beam. One end of this beam rested on a 4 inch pipe column 
which was simply welded at the bottom to an anchor plate, and bolted to 
the foundation. The other end of the beam was welded between the ribs of 
the wall panels and against the supporting ‘‘Z” section, making a solid, rigid 
frame which was erected in about two hours. This included the cutting of 
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the pipe column to the proper length with the arc. In order to erect this 
same structural member by any other method, it would be necessary to drill 
holes for gusset plates and perhaps even threaded flanges on the pipe column 
for bolting to the beam which would be a matter of twice the time and, 
unquestionably, greater expense. 

The versatility of the arc welding, and its great flexibility, enabled the iron 
workers to meet all problems of rigidity when they were encountered on the 
job; it was even necessary, through an error in fabrication to recut two of 
the panels and weld them against the adjoining panel without having to 
form another rib. Reinforcing of certain weak sections over windows and 
doors was made' very easy by the use of the arc welder which otherwise 
would have necessitated drilling holes and thus put all the bolts under shear 
through a thin eighteen^gauge metal. Arc welding permitted a greater surface 
attachment integral with the metal, resulting in greater structural rigidity 
and strength. In the application of arc welding in this house, we used a gas^ 
driven portable welder because electric current of the amperage needed was 
not available. This made it a little more diiEcult in attempting a savings 
of time. Several structural problems occurred in the building which were 
naturals for arc welding. 



Fig. 2, (left). Roof deck clamped in position ready for tack welding. Fig. 3, (right). Begin- 
ning of erection. 


One problem was the extension of the ceiling panels 1 feet out over the 
walls as a cantilever in which it was necessary to make the panels rigid. 
This was accomplished by welding small angles at right angles to the ribs, 
making a rigid cantilever. This would have taken a lot more time by the 
use of screws, and would not be as rigid. 

Another problem that was adequately solved was the capping of the 
panels used on round corners. This channel cap had to be notched every 4 
inches in order to bend around a 31/2 foot radius of the corner. In applying 
this cap in the usual manner it would be necessary to drill a hole and put a 
screw in every 4 inch section. With the arc welder, we accomplished this 
very rapidly in about one-third the time, making a more rigid construction. 

A third problem that was successfully solved by arc welding was the 
building up of interior steel stud partitions. In this case we used the level 
concrete floor of the garage and laid down a base channel and top cap as is 
shown in Fig. 3, and set our steel studs, spacing them Iddnches on center. 
This was then squared up and clamped and the arc welder used to tack all 
of the joints. For an SToot x lOToot partition it topk approximately one and 
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TOP CAP WELDED 



Flq. 4. Welded joints. 


one-'lialf hours. By the old method it would be necessary to screw the members 
m their right places by drilling holes m every joint, which would have taken 
at least 75 per cent more time, and would not make as rigid a structure. 

The accompanying cost sheet will give a more clear comparison of the 
various factors of cost which would be encountered on the average job. 

Over and above the savings m cost is the more important factor of in*' 
creased strength and rigidity, and additional factors enumerated on the 
cost sheet. 

From this data on the first house, we feel sure that our erection cost could 
be reduced by the proper tinung of the weldmg process with the erection, 
which we did not have ample opportunity to do on this particular hous§. 

I believe this paper has demonstrated a new adaptation of arc welding 
to a prefabricated panel system of light gauge metal. It is our aim to further 
improve on our methods by the use of arc welding as soon as the present war 
puts us in a position to obtain the necessary steel for building more of these 
houses. 
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Cost Sheet 


Welding time for first house: 

1 man — 20 hrs. @ $1.87^^ per hr. with gas-driven welder... 

Estimated time with motor-driven welder for same job 

1 man — 18 hrs. @ $1,871/2 hr 

Estimated time for a group of two or more houses: 

1 man — 16 hrs. @ $1,871/2 per hr. with motor-'driven welder.. 

Estimated time for old method of drilling holes and securing by sheet 
metal screws and bolts in Summer weather: 

2 men — 24 hrs. @ $1,871/2 per hr 

Estimated time — old method — ^in winter weather with gloves: 

2 men — 28 hrs. @ $1,871/^ per hr. 

Estimated time for drilling and screwing 


one sheet metal screw 2 minutes 

Estimated time for striking arc and 

tack welding 1 minute 


50 per cent reduction in time per joint 


.$37,50 

.$33.75 

.$30.00 

.$45.00 

.$52.50 


Additional advantages not gained by old method of 
sheet metal screws and bolts: 

1. Extra rigidity 

2. More surface contact between welds. 

3. Inaccessible places easy to get at with arc welder; more convenience, as 
only one man needs to do welding. 

4. Faster erection as crew does not have to stop and wait for the process of 
putting in screws to temporarily support panels. 



Chapter IX — Welded Caissons for Naval Dry Docks 


By Captain C. A. Trexel (CEC) USN and A. Amirikian, 

Director of Planning and Design and Principal Engineer, respectively. Bureau of Yards 
and Doc\s, J^avy Department, W'ashington, D. C. 



Subject Matter: Former methods of calcu^ 
lation and design are discussed and the 
new elastic slab method is presented which 
is more applicable to welded construction. 
Designs were prepared for two large cais^ 
sons of riveted construction. It was then 
decided to prepare alternate designs of all 
welded construction. These were sub' 
mitted for bids. Eight contractors parti' 
cipated in the bidding. The low bid for 
the two caissons for the welded design was 
$108,030 less than that for the riveted 
design, amounting to 25'% in cost. As a 
result, the Navy Department has let a 
number of other contracts for similar 
welded structures. 

Net savings for caissons built and under 
contract $1,652,000. Savings on projected 
construction in the immediate future 
$3,540,000. Savings in weight (projects 
ouilt) 4200 tons and (caissons projected) 
9000 tons. 



A. Amiriklan 


A dry dock or graving dock is generally described as a -water basin with 
a removable gate, which provides a dry berth for maintaining, repairing or 
bxiilding ships. Since the early days of navigation, dry docks have played a 
prominent part in the progress of shipbuilding. Because of the nature of the 
services which they render, the history of their growth and development is 
closely allied with that of ships. Paralleling the development of the merchant 
fleet, the crude basin of the wooden''ship era has gradually emerged into the 
present'day dry dock of immense dimensions and streamlined appearance, 
(see Fig. 1), as a worthy counterpart of the modem oceanTiner and a con^ 
tributor to its successful operation. 

Dry docks are likevdse of primary importance to the maintenance and 
operation of the naval fleet. While some service to smaller craft is rendered 
by marine railways, the repairs to major vessels must necessarily be carried 
out in floating or graving dry docks. The importance of such shore facilities, 
particularly in time of war, needs no elaboration. Without them, ships 
would, in time, become immobile and useless because of fouling of bottoms, 
damaged propellers or rudders, and many a battle damaged ship would be lost. 

Dry Dock Closures — The entrance closure is an integral part of a basin 
dry dock. The two factors governing its selection and design are mobility 
and strength. The former is required for clearing the entrance and thus 
enabling the ships to float in and out of the dock. The latter is an obvious 
requirement for withstanding the external water pressure when the dock 
is pumped out. Mobility may be provided by any of three types of closures: 
hinged miter gates, similar to canal lock gates; sliding or rolling caissons; or 
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removable floating caissons. Gates are installed in many European dry docks. 
The sliding type of caisson, which is drawn into a recess at the dock entrance 
to permit the entrance or removal of a ship, is a favorite at English and 
British colonial dockyards. In American practice, the floating caisson is the 
most commonly used form of dry dock closure. 

Floating Caissons — ^As the derivation of .the word would indicate, a 
caisson is essentially a box. This box is composed of a system of interior 
framing and an enveloping skin plating. The interior framing, in turn, con- 
sists mainly of a series of trusses or girders, spanning longitudinally and 
transversely. The skin plating, which is of water-tight construction, is sup- 
ported by a set of girts or stringers forming the secondary framing. 

The cross-sectional outline of a caisson is determined from the conditions 
of stability and minimum draft in floatation and the necessary strength when 
in the seat and subjected to the unbalanced water pressures. As in the case 
of ships, the cross-sectional outline has undergone considerable change. In 
the early days of naval construction, when labor was inexpensive, and the 
time element not so pressing, the general tendency was to choose curved out- 
lines of what would now be considered doubtful efficiency. Some of these 
outlines are shown in (a), (b), (c) and (d) of Fig. 2, representing, in that 
order, the bulb, ship, hydrometer and barrel-shape types of caissons formerly 
used. In (e) we have the modem, simple, yet efficient, box-type framing 
outline, used by the Bureau of Yards and Docks, Navy Department since 
1940. The latter follows structural framing practice rather than the more 
costly orthodox ship construction used in former caissons. 

In the earlier days of shipbuilding, when the dock closures were of rather 
small dimensions, caissons or gates were built exclusively of timber. Later, 
with the advent of the iron ship, iron was utili2;ed to a great extent. 
In the present era of naval construction, caisson material consists mainly of 
steel. 

Analysis of Caissons — In the earlier forms of framing arrangement, the 
design of the caisson involved no complex problems. The panels of timber 
were analy^jed as simple beams spanning the two walls of the dry dodc, and 
each carrying the hydrostatic load within its boundary. According to this 



Fig. 1, View oi a modem drydock, with caisson in the bockground. 
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719* 2. Typlccd carosB-sectlondl outlines ol dirdock coissons, shoped as: (a) bulb; (b) ship; 
(c) bydro-meter; (d) bonel; and (e) box. Fig. 3. Plan oi caisson framing: (a) horizontal 
glider; (b) Tertical frame; and (c) secondary framing. Fig. 4. Deformation of grid under 
concentrated panel loads, (a) Distributed water pressures; (b) Hesultant panel loads. 
Fig. 5. Mala framing arrangement ol caisson, with shell plating removed. Fig. 6. Concept 
of grid froming as applied to a box. 

arrangement, the entire load was transmitted to the side walls of the dry 
dock, and the pressure distribution was assumed to vary from sjero at the top 
of the side wall seats to a maximum at the bottom. 

With the introduction of the so-called gnd'system of framing, m which 
the horizontal girders were supplemented by a similar series of vertical frames, 
the analysis became statically indeterminate. The function of the vertical 
framing was two-fold: (a) to transfer a part of the water pressure from the 
hcavily^loaded lower girders to the more lightlydoaded upper girders and 
(b), to assist the horizontal girders by transmitting a part of the hydrostatic 
load to the bottom seat, 

A simplified concept of the main framing is shown in Figs. 3 to 5. The 
outline of the main framing or grid is indicated in Fig. 3; Fig. 4 is an 
exaggerated view of the deflections of the grid under concentrated panel 
loads; and Fig. 5 is an isometric presentation of the grid or cellular box, 
consisting of die interior framing with the shell plating removed. 

The hydrostatic load acting on die box is transmitted to the three sup^ 
ports, first by local bending of the various members of die secondary framing 
and Aen by bending of die main framing as a whole. For the first part, 
the problem is rather simple. The shell plating, spanning ova: the secondary 
supporting frame, acts as a continuous memfe to transmit the distributed 
loading to the supporting stringers. The latter, in turn, also bending as con- 
tinuous beams, transfer die water pressure to chords of the main framing in 
the form of a series of concentrated loads. The chords, likewise bmding 
locally, carry the intermediate concentrated loads to the main pand points 
located at the intersections of the vertical and horizontM frames, thus finally 
resulting in a loading system as shown in Fig. 4. The problem of the bend- 
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ing of the box as a unit under this loading, however, is quite involved, since 
the equations of static equilibrium alone are not sufficient for determining the 
two components of each panel load which must be transmitted to the 
side and bottom seats through the respective framing. 

Former Methods of Analysis — Since early days of design, many attempts 
have been made to simplify the analysis. Some of these efforts consisted of 
rendering the system statically determinate by various arbitrary assumptions. 
Others were predicated on dividing the loading between the two directions 
of bending through supplementary consideration of probable or assumed de- 
flections; and still others were based on the principal of '"least work’\ A brief 
description of the several methods follows: 

Illustrative of the first group, and perhaps the earliest method of analysis, 
is the so-called method of one-way bending, in which it is assumed that the 
loading is carried entirely by the hori 2 ;ontal girders and that the vertical frames 
act merely as bracing members. Obviously, the unsatisfactory basis of 
analysis and the waste of material resulting from such a design needs no 
elaboration. 



Rg. 8. Close-up view of typical joint detail in a riveted caisson framing. 

' The method of assumed deflections had been used for caissons designed 
up to 1919, which were the last ones. built for twenty years, thereafter. 
'XWuIe some consideration is given in this method to the role of the vertical 
frames, at best, it is a crude approximation of the grid theory. To determine 
the share of loading for each girder, first the form of the probable deflection 
curve is assumed at the vertical center-line of the framing. Then, by trial 
and error, the loading is adjusted and the flange material for each girder is 



s£C'r/<>\/ ' s'£c?r/oyv 
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Fig, 9. Crosa-soction omd tn^cal framing arrongement of a rlTeied coisaon, dealgned by tin© elastic slob theory. 
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Fig. 11. Erection procedure of shop sub>assemblies of welded caisson. 


proportioned to ^conform to the respective maximilm deflection on the assumed 
curve. While the eqmhbnum conditions are satisfied in the solution, the 
method is defective in that the same panel loads are used for all vertical 
frames, regardless of their location with respect to the supports. As a result, 
the distribution of loadmg between the two directions of framing does not 
represent the true conditions nor the one requiring the least sections m 
bending 

In the method of "least work'\ the frammg system is assumed as a gnd, 
and the panel loads carried m one of the two directions are considered 
redundant forces and their intensiti^ determined from the equations of 
"least work”. 

Concept of Former Method — ^In the older methods of design, the strength 
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Fig. 12. Shop-welded keel section of caisson. 


of the shell or skin plating is only partially utili2;ed in the bending of the 
caisson as a whole, the assumed contribution being limited to the furnishing 
a certain amount of flange material for the main frames. In effect, such a con- 
cept is analogous to considering the caisson as a box having its top and 
bottom perforated with rectangular openings. Fig. 6, showing the plan view 
of the plate panel, illustrates this concept. Here, the unshaded area of the 
diagram indicates the effective part of the plating, consisting of a series of 
vertical and hori 2 ;ontal strips. Each strip represents the effective flange plating 
acting in conjunction with the girder or frame at the respective location, the 
width being governed by the plate thickness. 

Concept of New Method — ^The imaginary holes in the plating had been 
introduced with a view to divorcing the direct interdependency of bending in 
the two directions, and thus simplifying the analysis. Obviously, because of the 
solid skin plating, no bending of the nature of an open-grid framing can take 
place. If it be assumed that the plating is adequately anchored or connected 
to the interior framing, when the box is bent, the original plane flanges are 
forced into dished-in or spherical contours, conforming to the bending curva- 
tures in the two directions. As a result, the flange plating is not only sub- 
jected to bending fiber stresses but to twisting strains as well, the latter attain- 
ing their maximum intensities at the four corners where the bending curves 
in the two directions merge into a single common curvature. Compared to the 
two-way bending of a grid, the twisting resistance of the plating has the 
,effect of equali2;ing and relieving the bending stress of the framing, thereby 
resulting in a more satisfactory and economical design. 

Analysis of Caisson as a Cellular Elastic Slab — ^The bending phenomenon 
just explained is that of an elastic slab. As stated above, if the skin plating 
and the various members of the framing are securely connected together to 
form a rigid unit, then the caisson may be considered as an elastic slab in 
which, in lieu of a solid cross-section, the material is concentrated in the flanges 
and in a series of web frames to form a cellular box. 
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Design of Caissons — In the fall of 1939, construction was nearing com-' 
pletion of a caisson for dry dock A at Navy Yard X. The caisson, the largest 
closure in span and depth to that date, had, for lack of time to prepare a 
radically new design, been designed in accordance with the Bureau’s former 
conventional method of analysis discussed above, and had riveted connections. 
Fig. 7 illustrates the cross-sectional outline and some details of framing. As 
will be noted, it is of the barrel-shape type, with a maximum beam of 27 feet 
and a depth of 54 feet. The maximum length at the top is 150 feet. The 
details follow the general pattern of accepted standards of riveted construc- 
tion, as may be noted in the close-up view of a typical joint detail shown in 
Fig. 8. The total weight of the caisson, exclusive of the concrete ballast, 
was 2,256,700 lbs,; the cost, $389,650, and it was completed in 18 months. 

New Caisson Design— At the time of construction of caisson A, a very 
large expansion program of docking facilities was just getting underway. 
First on the list were two new dry docks having entrance sections identical 
with that of dry dock A, one of them located at Navy Yard X and the other 
at a distant Yard Y. Under normal conditions, the logical procedure would 
have been to duplicate the former design for which plans were available. 
However, having conducted considerable research and investigation in the 
field of elastic slab analysis with a view to possible application to the design 
of caissons, and having developed a simplified computation routine from the 
obviously involved theory, the Bureau decided to prepare a new design based 
on the elastic slab concept. 

Riveted Framing — ^The new analysis being a radical departure from 
conventional methods formerly used, it was deemed prudent in the first design 
to confine pioneering to the analysis only, and to design the new caisson in 
riveted construction. 

In preparing the new design, the available data of the caisson for dry 
dock A (last conventional design) were utilizied both as a guide as well as a 
basis of comparison. Fig, 9 shows the main features of the new framing. As 
will be noted, the new cross-sectional outline, in the form of a slenderisjed 
box, presents a striking contrast to the bulky, barrel-shaped outline of the 
former design. Other changes consisted of revised girder and frame spacings. 
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Fig* 14 * Vimw of parfiaUy etssembled caisson, showng parts of stem and end framing. 

elimination of double^plates from girder flanges and redistribution of material 
throughout the framing. 

The estimated weight of the caisson, exclusive of concrete ballast, was 
1^950,000 pounds, representing a reduction of 306,700 pounds from the weight 
of the former design. 

Welded Framing — ^While the design drawings for the new riveted cais- 
son framing were in course of preparation, the question was raised whether 
the original decision to use riveted construction ought not to be reconsidered 
in view of the number of new caissons involved and the possible large 
economies which might be achieved by the use of welding. Up to that time 
the Bureau had not used welding in the fabrication of its floating caissons. 
As support for the adoption of welding, it was argued that, since the elastic 
cellular slab concept was predicated on rigidity of connections, there was more 
justification for using the new analysis in welded construction of proven rigid- 
ity than in riveted construction of somewhat dubious rigidity. As a com- 
promise, and to obtain a direct comparison, it was agreed to prepare an al- 
ternate design of welded framing, and to submit both schemes of construction 
for bids. 


Fig. 15. Top vieir of poifiaUy assembled caislon« showing some details of fhe Interior 

framing. 
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Fig. IS. First all>welde<l caisson complete and afloat. Beam 22 ft.- depth 54 ft, 

length 150 ft. 


Details of Welded Design— The success of any welded design depends 
greatly on its planning and development as a new and entirely distinct 
structure, free from the influence of the details of the riveted design which 
it replaces. With this in mind, in preparing the details of the alternate 
welded design, the parts for each member of girder and frame were caxcfully 
selected to provide not only the lightest weight and maximum strength but 
also the most advantageous section for welding. To this end, generous use was 
made of serrated channel sections, coldTormed angle sections and wide-flange 
tee sections. Fig. 10 illustrates the basic details of construction. It is to be 
noted that all horuontal girders have a combination tee-angle flange section. 
The small tees, while not needed for strength, were added to provide a 
landing and backing strip for welding of the horizontal seams of the shell 
plating. The connections were further improved by substituting two separate 
fillet welds in lieu of the customary butt wdd, thus allowing a tolerance gap 
between the edges of two adjoining shell strakes, at the same time reducing 
the possibility of locked-up stresses which might result from long butt seams. 
The employment of serrated sections results in a saving in channel material 
and the use of a minimum amount of welding with sealed connections at the 
lines of contact with the plating. The flanged sections of the girder and frame 
chords furnish the required stiffness and stability in flexure, obviating the need 
of welded legs. 

Working Stresses — In determining the amount of welding at the various 
points, the following unit stresses were used: 


Fillet welds 13,560 psi 

Butt welds: 

Tension - 15,600 psi 

Compression 18,000 psi 

, Shear 12,000 psi 


Other details and welding requirements were in accordance with Bureau 
of Yards and Docks welding Specs. jlyb-Supplement No, la and 22yb. 

The estimated weight of the steel and fittings of the caisson was 1,505,000 
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17. Section of keel of caisson, sub-assembled in the shop. 

pounds, or 445,000 pounds less than the weight of the new riveted design, 
and, 751,700 pounds less than that of the old riveted design. 

Comparative Caisson Costs — Drawings for the two designs were com" 
pleted early in 1940, and submitted for bids. The bids were asked for each 
caisson separately as well as for the two units together. Eight contractors 
participated in the bidding, the list including the builder of the Bureau’s last 
riveted design. Of the eight bidders, four quoted prices for the welded de" 
sign only, t&ee gave incomplete bids for the riveted design and one submitted 
bids for both designs. The lowest figures were as follows: 


(a) Welded design: 

One caisson for Navy Yard X — ..>..$266,703 

One caisson for Navy Yard Y. 276,203 

Both caissons 522,570 

(b) Riveted Design: 

One caisson for Navy Yard X.— $355,540 

One caisson for Navy Yard Y. 366,740 

Both caissons — 630,600 


It is particularly interesting to note that the low figures of the welded 
group were those of a builder who had actually fabricated the Bureau’s last 
riveted caisson mentioned above, the work being sublet to him by the suc" 
cessful bidder of that project; and, significantly, he had submitted no bids 
for the riveted group at this time. 

Fabrication and Construction — ^The contracts for the two caissons were 
awarded to the low bidder of the welded design, and thus the work was being 
started on the first all"welded caisson construction. The caisson being a float" 
ing structure, the event marked also the beginning of a Iarge"scale utilijz:ation 
of welding in such structures under the cognizance of the Bureau. ^ 

By the terms of the specification, the contractor was required to submit the 
proposed method and order of assembly and sequence of welding for approval 
before proceeding with the actual fabrication. The submitted* procedure in 
outline form is shown in Fig, 11. The erection being confined to the vertical 
position of the caisson, the proposed method differed but little from the one 
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Fig. 18. Geft). Stem and end framing section of caisson being lowered in position for 
erection. Weight of the shop- welded sub-assembly unit about 15 tons. Fig. 19, (right). 
Close-up interior view of caisson, showing joint details of main and intermediate frames 

at the knuckle. 

envisaged in the design. Another clause in the specification gave the con" 
tractor the option to use, upon approval by the Bureau, welding details other 
than those shown on the design drawings. No important changes were, 
however, proposed to alter the original details. 

Fig. 12 shows the placing of the first keel section of the first caisson at the 
assembly site. Fig. 13 shows the assembled keel section and the lower parts 
of the main transverse framing. Fig. 14 is a view of the partially assembled 
end framing, consisting of a part of the stem section, the breast hooks, the 
water"tight bulkhead and the shell plating up to the elevation of Girder No. 
3. In the foreground, a sub"assembled plate panel with serrated" channel stiffs 
eners can be seen. Fig. 17 is a top view of the partially assembled caisson, 
showing some details of the interior framing. Fig. 16 shows the completed 
caisson afloat. 

Additional Welded Caissons — As a result of the favorable bids received 
for welded caissons, a policy was adopted by the Bureau to exclude riveted 
designs from further consideration and to use welded construction in all sub" 
sequent work. Accordingly, on June 1, 1940, contracts were let for the con" 
struction of two additional caissons of smaller dimensions, involving 430 tons 
of steel by welded design. Figs. 17 to 22 illustrate some interesting features 
of construction of this second group. In the order of work progress, Fig. 17 
show’-s a^keel section, subassembled in the shop, ready for shipment to the 
erection site; Fig. 18 shows a section of the stem and end framing, a 17"ton 
shop"welded sub"assembly being lowered in position for erection. Fig. 19 shows 
the joint details of main and intermediate frames at the knuckle. (These 
simple clean"cut welded details may be compared with the corresponding 
riveted details shown in Fig. 8.) Fig. 20 is a view parallel to the keel below 
the knuckle, showing a battery of arc">yelding machines, ready for welding the 
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stib^assembled imits. Fig. 21 is a view of the caisson at an advanced stage of 
erection, illustrating the adaptability of welding to high-speed production at 
the assembly site, in this case showing simultaneous welding by 16 welders 
(4 inside and 12 outside). 

In addition to these four caissons, during the period of July 1940 to 
January 1942, designs were prepared and contracts were awarded for ad- 
ditional caissons of varying siijes. The total amount of steel required for these 
new projects is in the neighborhood of 12,000 tons. Some of these caissons 
have already been completed and are now in successful operation; others are 
at various stages of completion at fabricating shops or at the assembly sites. 

Advantages of Welding 

Savings in Cost — One of the first considerations in any project is ob- 
viously the cost.' The contract prices of the last conventionally designed 
riveted caiman and the new welded design for the dry docks at Navy Yard X 
described above, indicate a maximum cost differential of $122,947 for one 
caisson. Deducting from this sum $34,110 as a saving due to the improved 
method of analysis, the balance of $88,837 represents the minimum or net 
saving resulting from use of welding, which is a 25 per cent saving, and is 
equivalent to approximately $11$ per ton of steel used in the welded design. 
On the basis of the latter figure, the net savings realried from caissons built 
or presently under contract, involving a total of 14,000 tons of steel, is 
$1,652,000; and the anticipated savings from projected construction in the 
immediate future, involving some 30,000 tons of steel, is $3,540,000. 

Savings in Weight — As stated in a preceding paragraph, the weight of 
steel in the first welded caisson was 751,700 pounds less than the former 
riveted design. Of this total reduction, 306,700 pounds was due to the ap- 
plication of the elastic slab theory to the design and the balance of 445,000 


Fig. 20 , deft). View of assembled keel of coisson showing a botteiry of acc welding ma- 
chines used in the erection of the foaming. Fig. 21, (right). End view of the partSally 
completed caisson, showing a group of 12 operators welding three strokes of shell plating, 
while 4 others or© at work inside welding butts at two decks. 
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pounds represented the net minimum savmg as a result of welding. Expressed 
in percentages, the reductions from the old and new riveted designs are 
respectively 33 3 per cent and 22 8 per cent, or approximately 0.5 and 0.3 
pound per one pound of metal used m the welded caisson. On the basis of 
the latter figure, the total savings m weight for the caissons under the present 
construction program is about 4,200 tons, and that for the projected con- 
struction will approximate 9,000 tons 

Saving in Time of Construction — ^The time of completion and delivery 
of the last riveted caisson was approximately 18 months, whereas of the first 
group of the two welded caissons the first was contracted for and dehvered 
at Navy Yard Y m about 12 months and the second one at Navy Yard X 
three months later With the ever-improving technique of welding, shop 
fabrication is steadily approaching the pace of high production, thus result- 
mg in further shortening of the completion periods. This important time- 
saving element is clearly reflected in recent contracts for welded caissons. 

Savings in Maintenance Cost — In floating structures, welded construction 
possesses a distmct advantage over that of riveted construction. Caulking is 
used extensively in the latter to provide the required water-tightness Caulk- 
ing IS not only costly but often meffective, resulting in leakage and corrosion 
and consequent overhaul and repairs. Welded construction if properly done, 
automatically provides watertight seams, and thus assures appreaable savings 
in the cost of mamtenance of the caisson. 

Added Strength and Stability — ^Paradoxical as it may seem, the welded 
caisson of reduced weight is stronger than the heavier nveted design which 
It replaces This is due to the fact that rigidity of connections in the former 
helps to develop fully the various sections of the framing, at the same time 
utihxmg, m the form of added-strength, a part of the savmgs from the 
ehmmated dead-weight connectors as well as from substituted sections of high 
stress effiaency In addition, the lighter welded caisson requires relatively 
shallower draft m floatation and has greater stability 

Incidental Benefit-— The advantages enumerated above do not include 
a still greater benefit which cannot be measured by the standards of a world at 
peace. A part of the savings m steel tonnage was reused in a different form 
in some of the caissons, as armor plating, to provide protection against bomb- 
ing. Another part made it possible to construct some of the spare caissons 
now m the process of fabncation, and still another part went into the con- 
struction of ships and other combat weapons. These transformed savings 
constitute the real contnbution which weldmg, as applied to naval dry dock 
caissons, has made to the violent effort which mankind is now making to 
insure a more secure and free way of hving. 



Chapter X— Welded Steel Bents for Subways 

By Emanuel Scheyer, 

Assistant Designing Engineer, Designs Division, Board of Transportation, 
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Subject Matter: At present no welding is used on subway bents 
except to connect cap and base plates to colurnns. The writer, 
a structural engineer with 34 years of experience in subway 
design, points out the substantial savings that will accrue from 
even a conservative use of welding on the portions of the subway 
system that remain to be constructed. He offers designs for 
welded details to meet special subway conditions, .^ong them 
is a design for a flexible connection of beam to column. 
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This paper relates to structural steel wor£ for subways, especially those 
of New York City. Up to the present time no welding has been used in 
New York for subway steel except for the connection of cap and base 
plates to rolled columns, and in a very few instances for the attachment of 
stiffeners to rolled sections. Beyond the exceptions noted, welding is not 
permitted for subways in New York. They are built by the Board of 
Transportation by the City of New York. The writer is associated with the 
design of subways as a structural engineer with the Board. He has been in 
this job on the design of subways for thirty-four years. 

The preferred type of subway construction in New York consists of 
steel bents spaced about five feet in the direction of the length of the sub- 
way. Small concrete arches extend between the bents. 

There are special conditions involved in the stresses to which steel in a 
bent is subject that make the welding together of its component parts more 
than a matter of merely substituting welding for riveting. And if these 
special conditions are met, an occasional defective weld would not endanger 
the safety of the structure any more than an occasional defective rivet 
would in a riveted structure. 

It will be shown that with a proper design, the steel for at least two- 
thirds of the length of future subways can be arc welded with safety and 
at a saving of about $100,000 per mile of four-track subway and about 
$5' 0,000 per mile of two^track subway. There are about fifty miles of new 
subways in the offing for New York for the first fifteen years after the war, 
and after that, in the course of twenty-five years more, another one hun^ 
dred miles. 

Design Applies to Bents Between Stations — ^For the conditions obtaining 
in New York, the open cut method of constructing the subways is most 
suitable. Only under exceptional conditions are subwavs constructed there 
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Figs. 1, 2 and 3, (left). Figs. 4 and 5, (right). 


by other methods, such as by tunneling when m deep rock or in under 
nver crossings 

In open cut construction, Figs 1, 2, 3, 3 A, 3B and 3D, a trench is dug 
in the street and sheeted, the trench being of a width suitable to contain 
the subway and of a depth below the street surface sufficient to accommo- 
date the bottom, of the subway The subway is then constructed in the 
trench, after which earth is placed on top of the subway to fill up the space 
between the top of the subway and the pavement, finally the pavement is 
restored on top of the fill The sheeting at the sides of the cut is plainly 
seen in Figs. 3A and 3B. In Fig. 3C no sheeting is used because the subway 
IS being built through open territory instead of an existing street where 
street traffic must be maintained. 

The subway itself consists of a succession of steel bents, each bent 
extending in a line across the width of the subway. Figs. 3A, 3B, 3C, 3D, 
4, 5 and 6 The bents are usually spaced five feet center to center along 
the length of the subway Concrete arches extend between successive bents, 
Fig 5, embedding the steel of the bents between them. Each bent consists 
of a row of roof beams placed end to end, with columns located under the 
beams at their junctions and at the outer ends of the outer beams. This 
framing applies to the subway between stations At stations, which com- 
prise only about 20% of the length of the subway, the framing is different, 
because wide spaces must be left longitudmally between the columns for 
the unobstructed movement of passengers; to accomplish this, longitudinal 
girders or headers are required mto which the transverse roof beams frame 

The welded design described in this paper applies to open cut subways 
of the steel bent type but only for the stretches of the subway between 
stations, which stretches as noted before, comprise two-thirds of the sub- 
way. The welding of the structure at stations presents a different problem 
which is not treated herem. 
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Loads and Stresses of a Bent— The conditions of 
the memiers of a subway bent and Ae 

of over forty years of subway building are somewhat different from thMe 
JoiTd in oaJ structures, nokly buildings. One of the impomnt 
bons not usually met with m the other structocs is that 0*^7 must Ae 
bent support the downward load on top of the subway roof but rt must 
also resist the lateral or earth pressure against the side walls of the subway 
and often, in addition, there is water pressure, shoi^ the subway extrad 
below the level of water in the ground, Figs. 2, 3, 3B, 21 and 22. Other 
conditions peculiar to subway construction and practice will become apparent 

later on in the paper* i t j j 

The type of bent. Figs. 3A and &9, actually used m Ae Independent 
System of subways, the latest to be built, will be used as the basis or com- 
parison between a riveted bent and the welded bent The details shown 
were taken from the American Bndge Company s shop ^awings wr the 
Fulton Street Line in Brooklyn. The photo is of the subway on Queens 
Boulevard. The bent of Fig. 6 has been designed for a cover of 14y2 feet. 
In subway parlance “cover" means the distance between the street surface 
and the underside of the roof beams, as seen m Fig. 1. Fourteen and one- 
half feet has been selected because it is the average cover on the Independent 
System for the type of construction being considered It is fair to assume 
that the same average cover will obtain on future subways. 

The roof load in subway practice is taken as 600 pounds per square 
foot live load on the street surface plus a load of 100 pounds per cubic foot 
of cover to the underside of the roof beams. In the present instance, remeni' 
benng the cover is 14.5 feet, there is a total roof load per square foot of 
600 + 1450 = 2050 pounds. See Fig. 6. The bents being spaced 5 ft. on 
centers. Figs. 4 and 5, each roof beam takes 10,250 pounds per lineal foot 
The fikr stress in bending used for subway steel is 20,000 pounds per 
square inch, hut when encased in concrete arches. Fig. 5, 25,000 pounds 
IS used This is based on the assumption that the concrete will help take 
up some of the compression in the upper flanges of the beams in a sort of 
hybnd reinforced concrete action. In accordance with this, the roof beams 
shown, in Fig. 6 are required. 

For the sidewalls of the subway above water, as m Fig. 1, the maximum 
bending moment on the sidewall columns due to lateral earth pressure is 
1,150,000 inch-pounds the practice bemg to neglect the effect of the live 
load from the street surface. It should be remembered that the columns 
are spaced 5 feet on centers along the length of the subway and therefore 
take the lateral pressure against 5 feet of the wall. A shortcut method 
of figuring the lateral pressure and sufiLciently close for all practical purposes 
is to assume the lateral pressure per square foot at any depth as equal to 
one-third of the weight of a one foot square column of extending to 
the street surface above this depth. In addition to the bending, the sidewall 
columns take a direct load from the room beams of 83,000 lbs. Another 
practice in subway design is to assume the concrete in the wall between 
the columns to take up the direct load, within a certain limit, from the 
columns by adhesion, so that by the time the bottom of the column is reached, 
all the load is m the concrete. At the point of maximum bending moment 
in the column, which is somewhat over half way down the column, about 
half the direct load of the column has been transmitted to the concrete. 
It is the practice to design the sidewall column so that the direct stress left 
in the column (one-half the total load) at the pomt of maximum moment 
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plus the bendmg stress due to that moment shall not, when added together, 
exceed 27,000 pounds reduced by a rationali 2 ;ed formula when the direct 
load exceeds 170,000 pounds for a H-'inch column. In the present instance, 
the total direct load is 83,000 pounds and the moment approximately at 
the center of the beam is 1,170,000 inch-pounds A 12 WF-47 pounds beam 
will satisfy the requirements With the bearmg power of the soil taken at 
8,000 poimds per square foot, no footing is required for the sidewall. The 
two angles shown at the, bottom of the sidewall column. Figs 6 and 8, are 
not required to act as the base of the column as the concrete m the wall 
will have taken the full load from the column by adhesion by the time the 
bottom of the wall is reached; these angles only serve to help keep the 
column from falling over dunng erection. The mterior columns are required 
to take a load of about 138,000 pounds For this 6 WF 40 pounds columns 
will be used with the six-mch dimension set transversely. Such narrow 
columns are used to permit close spacmg of the tracks, thereby keepmg 
down the width of the subway, saving on the materials used in it and on 
excavation. In fact, the Bethlehem and Carnegie handbooks list these col- 
umns as subway columns, they havmg origmally been rolled especially for 
this purpose. There is msufficient bearing area for the roof beams on all 
columns Stiffener angles are accordingly used to supply the additional 
bearing reqmred. The all-welded design, desenbed later on, lends itself 
readily to the use of welded stiffener plates instead of angles The 6-inch 
mtenor columns in the past, even with the riveted design m certain contract 
portions of the subway, had welded cap and base plates as seen in detail 
in Figs 9 and 10. The cap plates for tiie mtenor columns shown in Fig 3C 
were welded. On the other hand, a close scrutiny will show that no cap 
plates were used for the columns shown m Fig. 3A, riveted connection 
angles being used mstead. Fig. 3C is a photograph of a portion of the 
subway known as Route 108, Section No. 9, where the steel work was 
done by the American Bridge Company. This company used welding as 
much as it could. On the other hand, Fig. 3 A shows file steel in Route 108, 
Section No 6 The McClmtic Marshall Corporation, a subsidiary of the 
Bethlehem Steel Company, was the sub^contractor for the steel here The 
comparative estimates forming a part of this paper are made on the basis 
of the use of welded cap plates in the riveted design of the past Actually, 
as seen m Fig. 3A, much of the past work had riveted connection angles. 
On the latter basis there would be an even greater savmg for the all welded 
design than is shown later on m this paper. 

The sidewall columns. Figs. 7 and 8 are supplied with shop riveted 
connection angles at their tops as well as with the base angles, noted above, 
at their lower ends The outer roof beams are field riveted to the tops of the 
sidewall columns. 

The number of jomts in the roof of the bent could be reduced by using 
longer beams That is, mstead of usmg a separate beam for each span, or 
four beams across the bent, two roof beams could be used, each beam to 
extend over two spans. Less joints means less shop and field work on the 
members. However, long beams cannot be used tp effect such economy 
in a subway bent. The trrach which is dug to contain the subway must 
be decked over in practically all cases to form a street surface for the 
maintenance of street traffic, Figs. 3A and 3B. In fact, the usual procedure 
is to lay the deckmg at the street surface before the trench is dug and then 
to undermine the decking, posts bong used to support the decHng as the 
excavation progresses down. When the excavation is finally completed. 
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Fig. 3a. Typical riveted bent between stations. 


there remains a deck supported on a complex system of temporary steel 
beams and girders Also there is a tangle of water pipes, sewers, gas pipes, 
mail tubes, steam mains and electric ducts supported under the decking. All 
these obstructions under the decking make it troublesome to insert too 
long a beam through them mto its final position in the bent 

The decking shown in Figs. 3A and 3B is unusual in that the decking 
beams are of sufficient si 2 ^e to span entirely across the cut, a distance of 
about 60 feet Usually the decking beams are of smaller span requiring 
the use of intermediate posts which are a further obstacle to long span 
beams for the permanent roof steel In this particular contract, the con- 
tractor’s scheme of using his power shovels required that the excavation 
be entirely clear of posts. Because this contract ran through a sparsely 
settled section of the city, there are very few pipes and other utilities 
supported under the decking to interfere with erection 

Another objection to running the permanent roof steel continuously 
over two or more spans is because counter-moments are produced over the 
intermediate column or columns This induces compression on the under- 
side of the roof beam where there is but little concrete, Fig 7 It will be 
remembered that the allowable stress was increased 25 percent because the 
concrete was assumed to act with the steel m compression. 

Deformation of Bent — In Figs 11 and 12 is shown m an exaggerated 
manner, the deformation of a subway bent produced by the loading 

Considering the steel to carry the whole load, the theoretical maximum 
deflection of the roof beams is one-quarter of an inch. Actually, field 
measurements have shown it to be less, because as pointed out, the concrete 
between the beams help to carry the load by a sort of hybnd reinforced 
concrete action Further, the full street surface load of 600 pounds per 
square foot was most likely absent when the sights were taken In deflect- 
ing, the ends of the beams become inclmed to the vertical causing the beams 
to separate from each other at the tops of their abutting ends. Theoretically, 
the separation at the tops for the conditions shown is one-quarter of an 
inch The portions of the flanges over the columns have their outer ends 
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lifting off the column, Figs. 1 1 A and 12 In the nveted design, these deforma- 
tions are taken up by the deformation of the rivets, connection angles and 
the flow of the metal in the mam members beyond its elastic limit where 
the beanng value of the nvets is exceeded The proposed welded design 
IS so constituted that the deformation does not reach the welds but is taken 
care of elsewhere in the connection. 

Welded Bent — It is better not to subject the welds to the prying action 
they would get if they were used to connect the bottom flange of a roof 
beam directly to a sidewall column The prying effect which such a con- 
nection would have when the beam is loaded, can be seen m Figs 11 and 
llA where the extreme end of the roof beam can be seen liftmg off the 
side wall column. To overcome such prymg action, additional plates are 
required together with additional welding. As will be seen, however, the 
welded connection used practically elimmates the prymg action. In the 
nveted connection, the give of the connection angles and other factors 
previously mentioned at the top of the sidewall column will permit the 
separation For the welded connection it is proposed to use a type of flexible 
connection which will allow the end of the beam to hft off the sidewall 
column and still hold the adjacent portion of the beam for the purpose of 
taking care of the side pressure from the column. 

The welded design is simple. Its essential part is a long plate which 
IS kept weak enough in bending to be relatively flexible, thereby keeping 
down the prying action All the field welding is flat Not a smgle hole is 
used in the entire design. As can be seen in Figs 11, 11 A, 11 B, 16 and 
17, at the sidewall, the plate is welded to the top of the column but free of 
the beam where the latter comes over the column and separates therefrom 
when loaded The plate is welded by %'inch fillet welds to the column 
in the shop The beam is welded m the field by Y^nnch. fillet welds to the 
portion of the plate which overhangs or projects beyond the column As the 
roof beam bends down under the load, it bends down the overhangmg 
portion of the plate with it As the flange of the beam and the overhangmg 
portion of the plate move down together, no separation is possible The 
welds connectmg them are, therefore, subjected only to shear from the side 
pressure The overhanging portion of the plate also allows for the deforma- 
tion of the sidewall column due to the effect of the side pressure of the 
earth. Fig 11. In the nveted design, the bottom flange of the outside roof 
beam, Figs 6 and 7, is nveted by means of a pair of clip angles to the top 
of the sidewall column Enough nvets are used to transmit the thrust of 
22000 pounds from the sidewall In the welded design, two field welds 
each 4V2 inches long are used to connect the bottom flange of the roof 
beam to the overhanging portion of the cap plate. Allowing for crater 
effect, the welded connection is good for 24,000 pounds thrust. The cap 
plate in turn is connected to the top of the sidewall column by two welds 
to each side of the web of the column, each weld being 3V2 inches long 
These welds are capable of taking the side thrust plus whatever upward 
pull is required on them to hold the cap plate down on the column while 
its overhanging portion is bent. The additional welding shown between 
the cap plate and flange of the column is for shipment The long overhang 
of the plate may cause the latter to be knocked off in handling Even with 
the smaller overhang of the cap plates shown m Figs 3C and 9, a number 
came off in shipment. 

The thinner the cap plate is kept, the easier its overhanging portion 
will bend and hence the less the upward pull on the welds to the web of 
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the column. As far as the transmission of the side thrust is concern^, a 
plate less than Ys'-tnch in thickness would suffice, but it has been tound by 
the fabricating companies in the case of the cap plates over the interior 
columns in the nveted design, Egs 3C and 9 that if less than ^"inch thick' 
ness IS used, the plate will warp because of the welding. It will be rernem^ 
bered, that even in the present nveted design now m use, the cap plates 
are welded to the tops of the mtenor columns. Because of the warping, the 
cap plates are made K^mch thick. But the use of so thick a plate mduces an 
appreciable upward pull, due to the prying action, on the welds to the web 
of the column In order to reduce the pull, the cap plates are weak^ed m 
bending by slotting them as seen m Figs. 11 A, llB, 16 and 17. There is 
enough metal left in the plates after the slotting to take the side thrust 
of 22,000 pounds. 

The slotting as shown in Figs 1 IB and 12A is only one way of weakening 
the plate m bending on its overhangmg portion. Instead of using the slot 
shown, the plate could be slotted or scored transversely, that is a grocwe 
aa seen m Fig. 19A for its entire width could be cut into it While this 
is more effective because the bending strength of the plate vanes as the 
sq^uare of its thickness, and only as the first power of its width, yet it has an 
element of danger in that the depth of the groove is not so easily controlled 
Unless extra precautions are taken, the groove may be cut too deeply, or 
the plate placed on the column with the groove upward Both these condi^ 
tions may lead to fracture of the plate when loaded. 

The deliberate weakening of a plate or a member, to save the welding 
that must ordmanly be provided for secondary stresses, should have use 
not necessarily limited to the subway bent Further, the use of the flexible 
plate connection, with or without the weakening, is a device which can be 
used elsewhere than in subway construction. 

The nveted angle stiffeners, Figs 3 A, 3C, 7 and 9, of the nveted design 
are replaced by welded plate stiffeners, Figs 17 and 20 There is no novelty 
in this fact by itself, as the welded stiffeners could have been used, theoreti- 
cally at least, with the riveted design Actually, welded stiffeners have not 
been used in the riveted design because it did not pay Even the Amencan 
Bridge Company, which favored weldmg to the extent of using it for cap 
plates on a job, did not on the same job weld the stiffeners, as can be 
reaily seen in Fig 3C As most structural shops are at present constituted. 
It would not pay to weld the stiffeners to the beams where punching and 
nvetmg must be done on other parts of the beams Therefore, it is fair to 
claim the saving accruing because of the use of the welded stiffeners, for 
the welded design. 

The cap plates for the interior columns m the welded design are welded 
to the tops of the columns just as m the nveted design but are larger. In 
the riveted design, Fig. 9, the bottom flanges of the roof beams are nveted 
to the cap plate with a nominal number of rivets, the thrust from the side- 
walls not bringing any load on them but being transmitted transversely 
across the bent by end to end bearing of the beams, the ends bemg nulled. 
In the welded design, Figs. 12, 15, 19 and 20, each beam has its lower 
flange field welded to the cap plate of an interior column by two %-inch 
fillet welds, each 5 inches long The welds are figured at 3,000 pounds per 
lineal inch with inch added for crater effect. They are designed to produce 
a tension splice for the lower flanges of adjacent beams of a strength 
equivalent to that of the 5V2^' X X web apKce plates of the riveted 
design, Fig 9, plus the splicing ^lue produced by the four nvets through 
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Fi?. 3b. Stretch of subway' Trith invert below ground water. 


the 8" X V4’ X cap plate. The reason for the splice is that in case 
of a derailment some columns may be knocked out. The welding of the 
columns to the plates is made less than that of the plates to the roof beams, 
so that any blow against the columns will cause their separation from the 
plates rather than the plates from the beams. While not of sufficient 
strength to take the bending, nor, as a matter of fact, are the beams them" 
selves, over two spans, the splice plus the action of the concrete and the 
fact that no live load will be allowed on the roof after a derailment, all these 
conditions together, will allow the structure to hold up until temporary 
shoring can be used to replace the lost columns. As a matter of fact, a 
derailment on the 7th Avenue Subway near 33 rd Street some years ago 
knocked out five columns in a row and the roof held without damage. 

It is to be noted, that as the overhanging portions of the cap plates 
are deformed with the deformation of the beams, Fig. 12, they deform 
in conformity with the beams so that there is practically no tendency for 
them to separate from the beams and induce a secondary stress in the welds 
to the beams. Slots are used for the cap plates of the interior columns just 
as at the sidewall columns. 

In the riveted design, a pair of clip angles is used at the bottom of each 
sidewall column, Figs. 6 and 8. As previously explained they are nominal, 
acting only to give some stability to the columns during erection. A base 
plate, welded as shown in Fig. 18 is substituted in the welded design for 
the clip angles. As noted before for the stiffener plates, a welded base 
plate would have been permitted by the engineers of the Board in the riveted 
design, but the steel fabricators did not fod it economical to shop weld a 
plate at one end of a beam and use a riveted shop connection at the other 
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ead. The base plate for the interior columns, Fig 10, is the same for both 
the welded and riveted designs 

Welded connections for a subway bent have a decided advantage over 
riveted connections in that they avoid erection difEculties caused by inac' 
curacies in the length of the roof beams or m the plumbing of the columns. 
In erecting a riveted bent, should these inaccuracies be present, the setting 
of the roof beams end to end might produce a cumulative error suffiaently 
great to prevent the holes m the bottom flange of the last beam from matching 
those of the column on. which it is to set. The likelihood of this would be 
particularly great m the six'track subway of Fig 3C This would require 
the loosening of erection, bolts and a readjustment of the members In extreme 
cases new connection angles with differently located holes would be required. 
With welded connections, the beams can be welded to the columns when 
ever they should happen to come This fact could be used to advantage to 
eliminate the required millmg of the abuttmg ends of roof beams in the 
present riveted design If trouble in matching holes is had at present, even 
with milled edges, the accumulated error would be greater with sawed 
edges. As seen m Fig 9, it is a present requirement to mill the ends of the 
beams The proposed welded design is conservative in that it maintains 
this milling There is difference m thought among the engineers having 
to do with subway design as to the necessity of milling. One of the reasons 
advanced for it is that in case of a derailment, should interior columns 
be knocked out, as noted before, the tops of the beams will bear and form 
in each case the compression flange of an emergency beam, while the cap 
plate of the column and the splice plates will supply the tension flange The 
only strength m tension that can be derived from the cap plate is that 
supplied by the two nvets fastening the bottom flange of each roof beam 
to the cap plate Because the milling will allow the beams to bear at the top 
flanges, the neutral axis of the emergency beam will be high, thereby increase 
ing the efficiency of the splice plates and cap plate in tension However, m 
the welded design, the welding connecting each bottom flange of adjacent 
beams to the cap plate can be increased somewhat, increasing also the 
length of the cap plate, to compensate for the fact that without milling, the 
upper ends of the roof beams do not bear, the compressive side of the 
emergency beam being supplied by the concrete, resulting in a lowered neutral 
axis. The saving in milling is only a small part of what could be saved 
by the welded design should the milling requirement be lifted, as the writer 
believes will happen sooner or later A very great saving could be had 
under these conditions by the welded design shown, in that the roof steel 
could be shipped, cut to length by the saw, directly from the mill to the 
job without the necessity of having it pass through the fabncating shop. 
This great saving would be offset to a small extent only by the necessity of 
field welding the stiffener plates 

Fig. 3D shows a bent which vanes somewhat from the typical shown 
in Figs 3 A and 6 in that the 21 WF beams of the end spans run all the 
way over the interior columns, the 18 WF beams of the inside and shorter 
spans being connected by shear connections to the deeper beams A certain 
limited amount of leeway is permitted the individual squad leader in design^ 
mg his portion of the subway. In this particular case he preferred to keep 
his beams flush top so that the concrete arches between them, Fig 5, would 
have their crowns a constant distance below the tops of the beams * If the 
proposed welded design were to be used, however, it becomes important 
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to have the beams flush bottom and have them meet at the center of the 
columns so that their bottom flanges could be welded to the flexible cap 
plate This can readily be done The crowns of the concrete arches do 
not necessanly have to have the same relation to the tops of the beams 
where adjacent beams do not differ too much in depth as in the instant case. 
In Fig. 3B, the deep beam for the left span must run across the right column 
as shown, otherwise too much eccentricity of load is thrown on the column. 
This bent then can be considered as typical, as is the case for about one^ 
third of the bents of the subway 

Erection of Bents — ^To assist in the stability of the steel durmg erection, 
and before and during the time the concrete is poured, tie rods are used 
to tie in adjacent bents with each other, Figs 3 A, 3C, 4, 5 and 6. These rods 
serve no purpose in the completed structure At present in the riveted 
design, holes are provided in the webs of the beams through which the 
rods are inserted. Each rod has a head at one end and is threaded for a 
nut at the other. It would detract from the welded design to provide 
holes for tie rods because of the extra operation and handling of heavy 
members involved. These would be the only holes in the welded bent To 
avoid punching holes m the beams in the welded design, tie rods with 
hooked ends are used to engage the top flanges of the beams, Fig. 14. One 
end of the rod is bent over to form a hook and the other end is threaded. 
A small channel clip is slidably mounted on the threaded end of the rod 
and a nut is used to pull it up tight against the top flange of the beam. Note 
in Fig. 30, the struts taking up the compression induced by screwing up the 
nuts on the tie rods between the nearest and the next to nearest bent. 

In the welded design, because of the absence of holes in the members, 
there is no chance to use erection bolts. To provide for the temporary 
attachment of the beams to the columns, until the welding is done, clamps 
are used, Figs. 13 and 13 A, for holding the bottom flanges of the beams to 
the cap plates of the columns Only a limited number of clamps are required 
as they can be taken off and used over again as the erection progresses. 
Because clamps are not as good as bolts, a certain amount of wood scantling 
should be used as bracing between the bents with additional tie rods between 
the bottom flanges, until the final welding It is common practice with 
welded structures not over one story m height to use clamps in erection. 
An allowance has been made in the estimate for the extra difEculty had in 
the use of clamps 

.Cost Data — ^A factor that will tend to reduce the overhead on field 
weldmg IS that on many subway jobs the contractor, or subcontractor, must 
have weldmg equipment on hand anyway, because it is the practice to weld 
the system of beams supporting the temporary street surface for more or 
less continuity, so that the posts can be shifted as the excavation progresses. 
A temporary street surface, Figs. 3A and 3C is required in most portions of 
New York so that there is no interruption in street traffle while the subway 
construction and excavation are carried on underneath. The system of 
decking shown in these figures, however, does not require the welding 
noted above. 

A cost record, about the year 1938, of a sample quantity of 225 field 
rivets on the Sixth Avenue Subway is as follows The 225 nvets were just 
a portion of a much larger amount of nveting the gang was doing ^he 
apprentice noted spent half his time with this gang and half his time with 
another gang. 
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Bg. 3a Steel for B-track subway. 


4 Structural Ironworkers 1 day (S) $16 each — $ 64 

Apprentice for day - 5 


$ 69 

15% insurance on labor, and taxes 10.35 

Plant, etc. 9.00 

Material 7.00 


95.35 

Overhead @ 20%... 1 19.07 


114.42 

Profit 10% - 11.44 


Cost per rivet 56^ Total ...$125.86 


The cost of field riveting for the typical bent shown in Fig. 6 r^ns 
higher than this because of the more frequent shifting of riveters from 
place to place, each location having only from four to six rivets In a cluster. 
The riveting in the estimate just given has a higher concentration of rivets, 
as at a station, where the roof beams instead of resting on a column and 
being fastened with four rivets, Fig. 9, have shear connections to longitudinal 
girders with 10 to 12 rivets at each location. On the Queens Pla5;a Station 
contract in 1937 for elevated work, the contractor bid $1.00 per field rivet 
for a job having 1,000 field rivets. For the Culver Line Ramp Connection 
in early 1941 for work partly in subway and partly overhead the contractor 
also bid $1.00 for each field rivet. The total number of field rivets in this 
job was 800. For riveting, 'as compared to welding, there is more detailing 
in the drafting room and the locating of the holes reqxiires more measuring 
and laying out on the steel itself. On the basis of the above data, $1.00 per 
field rivet is used in the estimates following. 
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On the basis of the cost estimating given m the "Trocedure Handbook 
of Arc Welding Design and Practice,” a very conservative estimate of the 
shop weldmg is 4^ per inch of fillet weld. The field welding, which 

IS all flat, is conservatively taken at 8^ per inch of ^-inch fillet weld. As 
noted above for the rivetmg, there is much climbing around from location 
to location for the field welding resultmg in a very low operating factor. 
These pnces also include overhead, insurance and profit Field workers 
classified as structural ironworkers on the Sixth Avenue Subway in 1937 were 
paid not less than $1 65 an hour pursuant to the provisions of the Labor 
Law of the State of New York. It is assumed that all pnces will be post- 
war pnces 

Even a considerable relative change in the selected prices favoring nvet- 
ing would still show a substantial saving for the welded design. 

Cost Estimates — ^The following are the estimates of cost of the riveted 
and welded designs. Where items are common to both designs they axe 
omitted from both estimates. Such an item, for example, is the handling 
of steel for erection The pnces are assumed post-war normal prices. 


Cost Estimate for Riveted Bent for 4-Track Subway 
Joints at Intenor Columns 


3 Cap plates 8" X Ya' X l'-2" 

6 Splice plates 5 V 2 " X X 

12 Stiffener angles 31 / 2 " X W 2 ' X Y^' 
X 1''7" 


Punching nvet holes in beams, splice plates, 
cap plates and stiffeners and holes m roof 

beams for tie rods 

Reaming holes in cap plates 

Field rivets 

Shop nvets 


Connections at Side Wall 

4 Stiffener Angles X X X 

l'-7" 

8 Angles 6'' X 4" X Vie X 8% 

Punching nvet holes in beams and angles — 

Field Rivets 

Shop Rivets 


71.10 lbs. 
52 5 


161.0 


284 6 lbs @ 2 . 74 * — 

7.68 

220 @ 17^ 

37.40 

12 @20^ 

2 40 

42 @$1.00 

42.00 

30 @20^ 

6 00 

$95 48 


Columns 


53 7 lbs. 


83 5 


137 2 lbs. @2.7^* 

3.70 

116 @ 17^ 

19.72 

12 @ 1.00 

12.00 

28 @ 20^ 

5.60 


Handling of steel in shop for operations. 


$41 02 

9 00 


$145 50 

*Price of steel delivered at shop. 

Prices for labor include cost of detailing, laying out and measuring for 
holes, overhead, insurance and profit. 
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Rg. 3d. Rireted design. 


Cost Estimate for Welded Bent for 4-Tracfc Subway 
Joints at Interior Columns 


3 Cap plates 10" X ¥4' X 
12 Stiffener plates X ¥4' X 1 




114.8 lbs, 
84.5' 


199.3 @ 2.7^* 

Field welds — fillet' — 54^^ @ 10^ 

Shop Welds, Stiffener plates fillet. 264" @ 4^ 

Slotting cap plates — 12 slots @ 20^.. 


$ 7.38 

5.40 
10.56 

2.40 


$23.74 


Side Wall Columns 

4 StifFener plates — X 14^^ X 28.2 

2 Cap plates— 10" X X l'^6" 77.0 

2 Base plates— 10" X V/' X I'^l"-.-" 55.1 


160.3 @ 2.7^* 4.33 

Slotting cap plates — 4 slots @ 20^.,. — .80 

Field welds— fillet— 18" (§) 10^..........-.... 1.80 

Shop welds— fillet— 132" @ 4 f .............. 5.28 


$ 12,21 

Handling of steel in shop for operations 5.00 

Additional cost of hooked tie rods......... — 3.00 

Erection clamps and added wood bracing®^* 8.00 


Total $51.95 

'^'Price of steel delivered at shop 


**Clamps can be used over again for oUxci ueucs 
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Saving of Welded Over Riveted Bent for Four-Track Subway 


Cost of riveted bent $145 50 

Cost of welded bent 51 95 


Saving.....-.$ 93 5 5 

A 4'track bent weighs 3.7 tons Therefore the saving per ton is $25 The 
saving per mile of subway composed completely of typical bents spaced 5 ft. 
center to center is $100,000. 

Cost Estimate for Riveted Bent for 2-Track Subway 
Joint of Intenor Column 


1 Cap plate 8"' X V/' X 1'''2" 23 7 lbs 

2 Splice plate 5 V 2 " X H" X l'^3" 17.5 

4 Stiffener angles 31 / 2 '" X 3y2" X Vs' X 

1' 7" 53 7 


94 9 @ 2 7^ 2 56 

Punching nvet holes in beams, splice plates, 
cap plates and stiffeners and holes in roof 

beams for tie rods 76 @ 17^ 12 92 

Reaming Holes m cap plates 4 @ 20^ 80 

Field rivets 14 (g) 1 00 14 00 

Shop rivets 10 (S) 20^ 2 00 

Side Wall Columns 

Same as for 4-track riveted bent.. 41.02 

Handling steel m shop for operations 5.00 


Total $78.30 

Cost Estimate for Welded Bent for 2-Track Subway 
Jomt at Intenor Column 

1 Cap plate 10^' X ¥ 4 ' X l'^6" 39 # 

4 Stiffener plates 3y2'' X X 1'''7" 28 


67 # @ 2 7^ $ 1.81 

Field welds — 54^' fillet 18" @ 10^— 1.80 

Shop welds — Stiffeners 88" @ 4^ 3.52 

Slotting cap plate 4 slots @ 20^ 80 

Side Wall Columns 

Same as for 4-track welded bent... 12.21 

Handlmg of steel in shop for operations 3.00 

Erection clamps* and added wood bracing 5.00 

Additional cost of hooked tie rods 2.00 


♦Clamps can be used over again for other bents 


$30.14 


Saving of Welded Over Riveted Bent for 2-Track Subway 

Cost of Riveted bent $78.30 

Cost of Welded bent. 30. l4 


$48.16 

A 2-track bent weighs 2 2 tons. Therefore, the saving per ton is $22. 
The saving per mile of subway composed completely of typical bents 
spaced 5 ft center to center is $51,000. 
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Other Types of Bent — ^Figs 6 and 15 each show a portion of a bent for 
a 4"tJ:ack subway The same principles of design apply to a 2"track subway 
In the latter case there is only one mtenor column, two roof beams and two 
sidewall columns A portion of a 6'track subway is seen m Fig 3C 

The bents discussed thus far show no beams in the floor of the subway. 
Whenever the floor or invert of the subway is in earth and definitely known 
before the excavation is done to be below ground water level, a steel beam 
mvert, Figs, 3B and 21, is used for the bent, the beams extending in a line 
under the columns across the full width of the bent just as the beams rest 
on the columns in the roof The savings of the welded design, just as for 
the roof beams, can be made in addition for the invert beams This means 
that the savings over a corresponding nveted bent for a 4'track subway 
with invert beams is $187 or double that of a 4^track bent over a corre^ 
spondmg nveted one having an invert without beams. Where ground water 
IS encountered in such localities where its presence was not known definitely 
m advance of the excavation for the subway, a reinforced concrete invert 
IS used instead of a structural steel and concrete one, because if the structural 
steel had been ordered m advance and then no water was encountered, such 
steel would be wasted The structural steel and concrete is preferable to a 
reinforced concrete one because it is cheaper in normal times It is cheaper 
because by using shallow heavy beams much concrete and excavation can 
be saved Note in Fig. 3B that the invert beams are shallower than the 
roof beams In figunng the invert, the live load, that is the street surface 
load, 600 lbs. per square ft. Fig 6, is neglected 



Hgrs. 6, 7, 8 exad 9, aelf). Figs. 10, 11, 11a, 12, 120, 13, 13a and 14, (right). 

Overcoming Objection to Welding — To help overcome any reluctance 
to the me of welding, consideration should be given to the fact that the roof 
beams rest directly on the columns so that even with poor weldmg no failure ® 
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could occur from downward load It should be remembered that the roof 
members cannot move sideways because of the concrete between them 
Further, an occasional poor weld would not make the structure too weak to 
take the side pressure, because the remaining welds at the connection, just as 
in the case of rivets, would take additional stress, the efFect of friction be" 
tween the roof beam and the sidewall column would supply resistance and 
the fact that the subway structure can be thought of as an elongated box or 
conduit where each bent can act to help out its neighbor rather than a suc" 
cession of isolated bents This was proved in the derailment noted before 
where five successive mtenor columns were knocked out In other words, the 
point IS here made for those who do not trust weldmg, that even if all the 
welds were no good, there would be no failure as far as the effect of down" 
ward load is concerned, and no failure from side pressure, even if there were 
occasional defective welds It seems reasonable to assume, m view of the 
present development in the art, that there is only a likelihood of an occasional 
defective weld Trained welders will be plentiful after the war because so 
many men are learnmg this trade for war production 

While the design given herein is for welding the typical section between 
stations, the weldmg problem is readily solved for the many shear connec" 
tions, heavier steel work and larger stresses encountered at the stations, but 
because of the reluctance of those having the final say to use weldmg at all. 
It is thought best to start with the simplest form first. This is not so much 
of a limitation as it sounds, because two"thirds of the length of the subway 
IS made up of bents of this simplest form. 

Proportionate Cost Savings — ^The saving in weight of a welded bent 
over a riveted one is only about 2 percent, the prmcipal saving being m 
labor 

As seen from the cost estimate for riveted bent, the saving for a 4'track 
welded bent is $94 Such a bent weighs 3 7 tons Therefore the saving per 
ton of steel erected is $25. It must be remembered that the riveted bent 
chosen as a criterion was an average one, the average being chosen from a 
consideration of many miles of subway already built. The corresponding 
savmg for a 2"track bent is $48 per bent Such a bent weighs 2 2 tons. There" 
fore the savmg per ton of steel erected is $22. 

In order to arnve at a proportionate cost savmg, it is necessary to fix a 
price per ton of subway steel erected This will be done by considermg the 
contract prices bid on several miles of subway during the years 1928" 19 30 
It IS believed that postwar prices will be about on this level. 

The followmg is a tabulation of the contract pnces for furnishing and 
erecting steel on a few sections of subway forming parts of the Inde" 
pendent System. 

Queens Boulevard and Hillside Ave. Subway 


Route Section Tons Price per Ton 


5 

13.200 

$ 94 

6 

12,500 

110 

7 

6,800 

106 

8 

14,820 

95 

9 

9,700 

99 

10 and 11 

7.800 

90 


108 
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Fultoji St. Subway, Brooklyn 


Route 

Section 

Tons 

Pnce per Ton 

no 

1 and 2 

14,080 

$101 


3 

5,150 

105 


4 

7,700 

100 


5 

5,520 

95 


On tbe basis of these figures, it is fair to assume a price of $i 00 per ton 
for the riveted steel For a 4'track bent, the saving of welded construction 
being $25 a ton, the proportionate cost saving is 25 percent Likewise for 
a l^track bent, the saving for welded construction being $22 per ton, the 
proportionate cost saving is 22 percent 

The saving per lineal foot of subway, remembenng that the bents are 
five foot centers, for a 4''track subway is about $19, and for a 2''track subway 
about $9.50 or at the rate of $100,000 per mile for the former and $50,000 
per mile for the latter. 

Gross Savings — Plans are now being prepared for several short stretches 
of subway, so that after the war emergency, work can start on them without 
delay. The welded design, could be used for portions of them as follows 
Extension of Fulton Street Line— Grant Ave to 106th St. Queens 
Welded design could be used where the tracks are on one level between 
stations except crossovers This is for a distance of 2,240 feet. About two' 
thirds of this has invert below water It is a 4'track subway. Fig. 21 applying 
to the part below water at twice the saving per bent over that above water 
Saving would be $70,000 

Connection for 60th St Tunnels to Queens Boulevard Line 
Final layout not yet deaded A proposed scheme was in accordance with 
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Fig. 22. If this sclieme be selected, 2,400 feet of it will apply. Saving would 
be $52,000. 

Connection from the Culver Line to the West End Line via Ft. Hamilton 
Parkway. 

* Two-track line above water. About 3,840 feet of it is suitable for the 
welded design. Saving would be $37,000. 

Connection from Lenox Ave. Locals to 8th Ave. and 162nd St. 

Two-track line. About 2,920 feet of it is suitable for the welded design. 
One-half of it is under water. Saving would be $42,000. 

There would be a total saving of $201,000 if welding instead of riveting 
were used for the above noted projects. 

In addition to the subway projects for which detailed plans are now 
being prepared for immediate post-war work, New York has an extensive 
program of future subway construction. A study of the present subway 
systems will help arrive at an idea of the possible extent of use of the welded 
design in future subways. 

There are three systems of subways in New York City which have been 
constructed in the last forty years, namely: — ^the Interborough Rapid Transit 
Company, The Brooklyn-Manhattan Transit Company and the Independent 
System. All three systems were built by the city, but until recently only the 
last was operated by it. The Independent System is the latest one to be built. 

The following table gives the approximate mileage of these systems: 


System 

Route Length of Subway 

Length of Single Track 

IRT 

43 miles 

130 miles 

BMT 

29 miles 

82 miles 

IND 

53 miles 

185 miles 



Total 397 


No welding at all was used for the bents of the IRT and BMT systems. 
They were built too long ago. In the Independent System, which has been 
recently built, except for some occasional welding of cap and base plates to 
columns, no welding was used. 

Contrary to popular belief, very little subway construction for urban 
railroad traffic is of the ring type having a cast iron or steel liner. This is 
used only in deep tunnel in earth. Even under a river, when rock is encoun- 
tered it is not used, a concrete lining being used instead. 

Of the 5 3 route miles of the Independent System, about 9 are of special 
construction including some of ring type and about 10 are occupied by 
stations, leaving 34 miles or about two-thirds of the total of a type adapted 
for the proposed welded design. It is reasonable to assume that about the 
same proportion of the route mileage of future subways will be suitable for 
the welded design. 

The 53 route miles of the Independent System consist of 39 miles of 
4-track and 14 miles of 2-track line, making about 73 per cent of 4-track 
line. Of the 125 route miles of all three present systems, about 73 are of 
4-track and about 52 are of 2-track construction, giving about 59 per cent of 
4-track construction. 

It appears from studies made that for the first 15 years after the war, 
about 5 0 route miles of subway will be built, after that, in the course of 25 
years more, an additional 100 route miles. Although the analysis givoi above 
shows that in the past about 59 per cent of the subway was of 4-track 
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constnictioiij tiie gross saving on future construction will be made conserva^ 
tively on tbe basis of 40' per cent. 

Remembering that the welded design given herein applies only to two^ 
thirds of the route mdeage, the gross savings for the next 15 years would^ 
be: — 

50 miles X 40% (4'track) X $100,000 per mile $1,333,000 
50 miles X ^0% (2''track) X @ 50,000 ” ” 1,000,000 

Total....... ^2,333,000 

The gross savings for the subsequent 25 years or for an additional 100 
route miles on the same basis would be $4,700,000, making a total saving 
for the next generation of about $7,000,000. 

Other cities are considering subways. Boston and Philadelphia have sub' 
way systems. Chicago has made a small beginning. Detroit and San Fran' 
cisco have plans. For years there have been studies made for a large suburban 
and interstate transit system connecting New York City and vicinity with 
adjacent New Jersey territory. A considerable portion of this system would 
be in subway. 

Because of the nature of the structure there is no question of increase 
in service life or efficiency of the welded bent over that of the riveted one. 
The welded bent has the social advantage of welding in general over riveting 
in that it is noiseless, so that people living in the vicinity of subway construe' 
tion will not be annoyed by riveting hammers. A large proportion of subway 
construction passes through important congested areas where noise is 
undesirable. 

The opinions expressed in this paper are the personal ones of the author. 




Chapter XI — ^Arc Welded Scolpture 


By Fred Clarke, 

Instructor of V/eldingt Moose Jaw Technical High School, Moose Jaw, SasJ{., Canada. 


Subject Matter; A procedure for building up a statue from four 
photographs of a model. The parts of the figure are built up 
by a combination of arc welding, heating and forging. To-date, 
two 8-*foot statues have been completed, one entitled, ‘"'‘Man 
of Industry’’ and the other of Winston Churchill. The cost of 
the first was $392.75 and of the latter $523.60. 


In the first part of this paper the author explains why we started in arc 
welded sculpture. ' 

To assist in this, the building of our first statue is described briefly. This 
was planned and constructed in June 1939. 

The rest of the paper is devoted to the statue of Winston Churchill. 
This latter statue, presenting many diflicult problems over our first attempt, 
was planned and constructed in June 1941. A large memorial with a group 
of statues was planned but has been put aside for the present due to steel 
priorities. 

As welding instructor in a technical school, the writer is forever con- 
fronted with the perplexing problem of designing projects that will suitably 
illustrate the subject matter being taken— projects that will supply the cor^ 
rect type of practice-welding and lastly, projects that are suitable for display 
at the exhibition of student work that is held at the end of the school year. 
This last consideration is the most dijficult. 

Small individual projects such as practice^pieces in the many types of arc 
welding handle the teaching portion of the project work. Fabrication of bench 
vises, grinder stands and other pieces of equipment, supply the students with 
suitable projects for practice of setting up, fitting, study of effects of expansion 
and contraction and many of the technical phases of arc welding. However, 
this type of project is not the best for display purposes. Good welding has 
an appeal and interest to the mechanically^minded man, but means very little 
to the man following non-mechanical lines, or to the ladies. Our problem 
then, was to endeavor to design a project using arc welding, one that would 
not be of a mechanical nature, something that would appeal to everyone. But 
it must necessarily embody sound welding practice and be practical. 

The art of welding is an often-xjsed phrase — ^then, why not use welding 
in art. Objects of ^ are pleasing to everyone. The ideal display project 
then, must be some work in one of the arts. It is obvious that the art of 
Sculpture is the easiest to be adaptable to the arc welding process 
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Sculpture, the art of designing m relief or in the round, is one of the 
oldest arts practiced by man Down through the ages, man modelled or 
carved objects of beauty or everyday interest A large number of matenals 
and methods were used in this work. Fundamentally, they can be divided 
into two classes, one m which sohd matenals — such as wood or various kinds 
of stone, are cut, chipped, or rubbed mto the desired shape. In the other, 
plastic matenals such as clay or wax are moulded mto shape. This latter 
method, however, produces fragile objects, necessitating a further process 
of casting the finished sculpture m bron 2 ;e or some other suitable metal for 
permanency 



Fig. 1. Photographs lor statue, "The Mon ol Industry." 

Sculptures are essentially for display purposes Museums, famous build- 
ings and art collections have lavish displays of the work of old masters, some 
of whose names are long since forgotten Parks and other public places exhibit 
the work of our modern sculpture in the form of memorials, fountams, or 
statues of prominent persons Into this field of noble art we are going to 
fit modem practice to sculpture in steel, usmg the arc weld instead of chisels 
or moulding tools. 

Arc weldmg is quickly displacing the rivet and bolt and has outmoded 
the idea of casting machine parts in weak brittle metals Strong ductde units 
are quickly and easily fabricated, in fact, the arc weld with its speed and 
efficiency is changing the entire field of production in metals. More and more 
of the articles of our everyday hfe will be adapted to manufacture by arc 
welding 

The field is unlimited I am endeavonng to show in this paper that arc 
welding could have a definite place m modern sculpture. If it can be made 
of metal, it can be made by arc welding. 

It is a recogni2;ed fact fihat the best way to bmld any structure is to have 
a drawing made first, so that proportions and measurements may be worked 
ut. Our first problon then^ was to make some picture from which to work. 
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This portion of the job was easily solved. A model was posed and four 
photographs were taken as in Fig. 1. 

The photographs in Fig. 1 were taken at equal distances away from the 
model and all at the same height from the ground. This, to enable us to 
measure directly from the pictures. To facilitate measuring, a special scale 
was made. This scale was marked to divide the height of the figure in the 
photographs into 96 parts. The finished statue was to be eight feet tall so, 
one graduation on the special scale was transformed to one inch on the statue. 
These measurementsS are all taken from flat pictures, having no equivalent to 
the top view of a blue print. However, by taking measurements from two or 
more views, any length can be worked out. 

Our first attempt at arc welded steehsculpture proved interesting and 
the results were most gratifying. This statue, (See Fig. 2) '"Man of Industry,’"* 
is the figure of a man eight feet tall. He gases intently at the micrometer 
held in his hand as he measures a small crankshaft. 
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Our “Man of Industry"’ created a sensation when put on display. It 
was the center of attraction at the school exhibition, and the City s annual 
fair. The Park’s Board asked that it be placed permanently in one of the 
public parks. Our school board, however, decided that it would be more to 
their liking to be placed on a suitable foundation on the Technical School 
grounds, where it stands at -the present time. 

Four student welders under the supervision of the writer, were put on this 
job and carried it through to completion — none of these, having had any 
previous experience in this particular class of work. 

All plating of the figure was done using % 0 ‘'inch mild steel plate. This 
size seems most suitable, having sufficient stiffness to be forged without the 
tendency of wrinkling which would occur with thinner material. It is also 
light enough to be shaped easily into any compound curve when heated. 



Fig. 3. Photographs for statue of Winston Churchill. 

The plating proceeds as follows: 

1. Measurements of the parts being worked upon are taken from the 
photographs using the proportional scale. 

2. A piece of plate is cut to th^e measurements leaving extra metal all 
round; this allows extra metal for working and is trimmed later, ensuring 
close fiit^up. 

3 . All simple bends are made on the plate using a hydraulic press. 

4 . The piece is fitted, by trimming one edge (with a cutting torch) to fit 
one side only. 

5. The plate is positioned so that a portion of this joint may be welded. 

6 . Braces are welded in tying the plate to the inner frame, at any point 
that is at the correct distance from the center. 

7. Compound curves are made by heating the metal in small areas at a 
time and hammering. Working the piece slowly to the desired shape. 
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S* The plate should lap the pieces next to it, due to the extra Aat 

was allowed This extra metal is now cut off, using the cutting torch The 
metal is then hammered so that the joint is flush 
9 All joints are welded. 

10. Small intricate parts that would be difficult to shape by bendmg or 
forging, are formed by buildmg up the desired shape, using small electrode. 

11. Built up metal may be heated with a torch and finished with a hammer 
It will be understood, of course, that the making of this statue was not a 

commeraal venture, being pnmanly a school project. it 

W^e are able to keep our costs quite low, as most of the steel used is 
either donated, or taken from the scrap pile. Student later costs nothing, 
and welding supphes are obtained at a liberal discount. However, to make 
up a cost sheet that would present a true picture of cost in a commeraal way\ 
the wnter has disregarded our low prices and donations of materials, and 
figured time and matenal at current market pnces. No overhead cost, or 
profit is diown in these figures 

Cost of Man of Industry 

mild steel plate — ^for plating figure — SOO lbs. @ 

One quarter (J4) mild steel plate— for base— 150 lbs @ 8^ 

3 inch tubing for inner frame — 75 lbs @ 12^^ 

Shield arc dectrodes— 60 lbs. @ 17^ 

Bare electrodes for hair — 8 lbs @ 9^ 

Current for arc^wdder @15^ per hour — 52 hours — 

Labor for wdder — 130 hours @ $1.25 

Oxygen for heatmg and cutting — 1260 cubic ft 

Labor for helper — 133 hours @ hours @ 50^ 

Acetylene for heating and cutting — 940 cubic ft 

Paint — 3 quarts @$2 3 5 

Buttons. Turnmg in lathe — 1 hour @ $1 50 

Micrometer. Turning in lathe — 3 hours @ $1.50 

Photographs 


TOTAL .... - 


..$ 64.00 
.. 12 00 
.. 9 00 

.. 10 20 
72 

.. 7 80 

.. 162 50 
.. 18 90 

.. 66 50 
.. 18 80 
.. 7 05 

.. 1 50 
.. 4 50 

.. 2.80 


$386 27 


After having had such excellent results from our first statue, we deaded 
to attempt something more difficult We would try a statue of some 
prominent man. 

This would have to be just nght, it would have to look lake some definite 
person. Winston Churchill, Prime Minister of Great Bntain, seemed the 
ideal subject. No stronger character or more colorful man has ever lived 
We would make the Man of Iron mto an ‘Tron Man.” 

First a number of photographs of the Prime Minister were collected from 
newspapers and magaijines. These were studied. By doing this we were 
able to judge the approximate height and weight of Winston Churchill. By 
careful check of a number of pictures, it was possible to decide his natural 
stance. With this to work on we located a man having the right height, 
weight and build, to act as a model. He was dressed in the style of clothes 
usudly worn by the Prime Minister. He was posed and four photographs 
were taken, (See Fig. 3) , This of course, would not do for work on the face 
and head. Photographs must be especially posed if measurements are to be 
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Fig. 4. Scale drawing for fuU<face view. 

taken from them. We had only one view of Winston Chxirchiirs head, that 
appeared to be taken at the right angle of our purpose — this was a profile 
view. 

Using this picture, we made a scale drawing and obtained the measure- 
ments for a full face view, (See Fig. 4), This drawing was easily made by 
ruling the photograph into squares — ^the squares being drawn to scale, one 
square on the photograph proportioned to equal one square inch on the 
drawing. This drawing was made full sue for the eight foot figure. From the 
photographs a- picture of the model was drawn minus the head. 

A picture of the head proportioned to the sue of the photographs was 
then drawn in, (See Fig. 5). This composition picture with Winston 
Churchiirs head was used to obtain measurements for correct relations be- 
tween the head and the body. A proportioning scale was used as with the 
first statue. 

The building of the statue is carried on in a carefully planned manner — 
constructing and assembling the parts in the most convenient sequence, so 
that one part when completed will not interfere with the making of the 
next. The planning of various statues would differ in sequence of building. 
On this one, it was most convenient to follow this course: 

1. The pedestal 5. Sleeves (half) 

2. The inner frame 8. Hands 

3. Shoes 9. Finish sleeves 

4. Trousers 10. Buttons and trimmings 

5. Head 11* Grind 

6. Coat 12. Paint or finish 

A detailed descriDtion of the construction follows: 
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The Pedestal — piece cut from an old steam boiler was used for the 
upnght This measured three feet ten inches high. Its diameter was hx' 
creased at the base by adding a step all around. The top was bridged across 
with pieces of heavy angle iron to make a support for the statue. The top 
edge was heated and forged round to finish that portion. A large slab was 
then cut away and a flat plate fitted in and welded to form a surface for the 
inscription. The letters were cut out of quarter (^)-mch plate and holes 
drilled through them m a number of places. 

Quarter (}4)'inch steel pins were welded into the holes The pins were 
put through holes previously dnlled m the inscription plate, and welded on the 
inside. This makes the letters stand out in relief with no welding visible. A 
plate was then fitted into the top of the pedestal This plate is not welded 
to the pedestal, but is held in place by three screws drilled and tapped into 
the supportmg angle iron. The statue is then welded to this plate. This 
makes it easily detachable to facilitate moving. 

Before starting the actual figure, an inner frame made of three inch 
steel tubing was constructed to carry the weight and form a ngid structure 
for the foundation. By consulting our drawn picture, (See Fig 5), a frame 
was designed to support the figure and be in the most convenient position 
for bracing the plates. This frame was then welded to the plate on top of the 
pedestal, (See Figs. 6 and 7), and angle braces were put on to stiffen the joint 
— ^these angle braces being covered by the shoes A cross-'section just below 
the waistlme of the figure was plotted out referring to the four photographs 
for measurements. A piece of quarter Q/^)'mch. plate was cut, this b^g 
the center brace for the body This plate was then welded to the frame 
at the correct height — ^this assisting greatly in assembling the trousers. Two 
circles are welded on to the upnght legs, to hold the trousers at the cuffs. 
These arcles are not welded until after the shoes have been completed. 

Shoes — A piece of ^mch plate is cut to the exact shape and size of the 
sole of the shoe — the length and width and height bemg measured from 
the photographs This piece is bent in a press to the correct shape. Four pieces 
were then cut for the heel, these pieces being stacked to make the desired 
height Holes are cut through the heehplates and a hole and slot through 
the sole^plate, to allow the inner frame to pass through, to be welded to the 
top of the pedestabplate These parts naturally must be formed and slipped 
on before the mner frame is welded Soles and heels are then positioned on 
the pedestal plate and welded through holes to the base plate. The piece 
at the back of the toe-cap is made next This is cut roughly to shape, turned 
in at the lower edges, and tacked into place. It is then heated with an oxy- 
acetylene torch and forged into shape, the welding is then completed from 
the inside. A piece is then cut to shape to make the back and sides of the 
shoe. This piece is also bent inwards at the bottom, where it contacts the sole, 
a portion being brought into shape and welded on the inside The balance is 
then heated, a few inches at a time and forged mto shape, welding as it is 
lined up. The part around the heel is welded flush with the edge of the sole 
plate, allowing the plate to curve outwards and upwards; the portion to the 
front of the shoe is about one quarter (J4) of ^ inch in from the outer edge 
of the sole A tongue is welded in. Then the sides are heated and forged 
down, no welding being necessary at this point. 

The toe-cap is the most difficult part of the shoes, as welding is carried 
on from the inside — ^the toe-cap being made of one piece forged partly to 
shape, a cut is made in the top and the metal opened to facilitate welding 
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to tlie sole from the inside. This opening is then heated and hammered, closed 
and welded. This cap laps the part of the shoe next to it. 

No shoe laces were needed on this statue, as the trouser cuffs come 
low over the shoe tops. On the Man of Industry, laces were made using mon 
wire, flattened to the correct shape and threaded through drilled holes, ohort 
pieces were used, tying two holes together. These were tacked into place 
with the arc. 

Trousers^ — ^These are made of long narrow plates extending from the cuff " 
ring just above the shoes, to the plate attached to the inner frame Mow the 
waist, with the exception of the portions on the insides of the legs. These are 
welded to the cuff-'ring and brought to the correct position to form the crotch, 
then welded from the top or the inside. 

All plates were partially shaped in the press; wrinkles measured from 
the photographs are either pressed or forged in. The edges of the plates 
heated with the torch and hammered flush before welding with the arc. The 
cuffs were welded on last. These are formed in two pieces having the lower 
edge turned in to a radius approximately ^'■inch. The cuff is then welded 
on the inside and hammered back to the trouser leg. 

Head ^This of course, is by far the most interesting part of the con- 

structioii. A plate about three inches wide is cut and bent to the shape of the 
full-sized profile drawing, (See Fig. 4), running from above the eyes back 
to the collar at the neck. A collar is then made and welded to this strip at 
the correct angle. Two plates were cut and shaped roughly, these extending 
from the inside of the collar to a point bounded at the top by a line running 
from the top of the ear to the center of the eyes and on the sides by the 



Fig. 6, (leif). Inner frame welded to top pedestal plate. Fig. 7, (right). Front view of inner 

frame of Churchill statue. 
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front of the ear and a line running straight down from the outside of the 
eyes Two more plates were cut and forged to shape, connecting these face 
side-plates with the head profile strip All joints were welded, we now had 
something more solid to build on. 

The balance of the head was then plated in, rough-bending in the press, 
welding any part that would fit, then heating, hammering into shape, and 
finishing the welds. After the skull portion was finished, the face was built 
in Two pieces were shaped for the roll under the chin, and welded to the 
collar to each other and to the face sideplates The chin is one piece forged 
to shape and welded on, a deep crease between the chin and neck roll being 
formed by bending m the edges and weldmg on the inside. 

Next the upper portion of the mouth extending below the nose and run" 
nmg down the creases below the cheeks, was bent into shape and welded on, 
at the sides of the mouth 

The chin and this latter piece do not run around to the face side-plate, it 
being more convenient to fill this in after these parts are in place. The lips 
are not worked upon until the entire face is assembled, as the facial expres" 
Sion IS obtained from this point. Now the cheek-plates are formed and welded 
in, and these fill in the balance of the face, leaving holes for the nose and eyes. 
The nose is made in two pieces, one on each side, rough-shaped and welded to 
the cheeks, the unwelded seam down the center is then heated and hammered 
into shape and welded, a small bar being welded in to separate the nostnls. 
To obtain the correct shape, it was necessary to add a little metal in places. 
This was heated to a white heat and forged smooth 

The bulges below the eyes were put on next, then the curving piece be-* 
tween the eyes and forehead. Eyelids are small pieces welded into place on 
the corners of the outside and a shallow weld on the inside to make a deep 
crease just above the eye The eyes are small pieces of plate dished by ham- 
mering and welded into place on the inside. Eyebrows are easily made by 
welding on a curving bead. 

The ears are easily made, although, they appear difficult and com- 
plicated Fig. 9 shows a close-up of the head. A piece of plate is cut to 
shape allowing an extra half an inch of matenal for bending to 

form the ridge on the outside, which extends down close to the lobe The 
piece IS heated at the area of the ear passage, and is dished deeply by ham- 
menng. The sides are bent out to form the outer ndge, then, using a small 
electrode, the ear detail is built m. By examining the ear of one of the 
students from time to time during this operation, very close detail was ac- 
complished The sides of the head were heated and dished to fit the dished 
portions of the ear cavities The ears were then welded on the front and also 
at the back of the dished portion 

The lips were next built in, using a % 2 dnch electrode. The deep crease 
on the side of the mouth bemg forged in, completed the construction of the 
head except for the hair. All welds were ground smooth with a portable 
grinder. 

First the hair was drawn on with chalk, running die lines in the direction 
the hair is worn. Stringer beads were then run side by side, starting at the 
front and running back, following the chalk lines, the hair being thm on top 
and thbmng out to the bald spot on the crown. The sides being quite bushy, 
necessitated budding out. A bare electrode tn diameter was found 

the best for the formation of the hair. 

It is the writer^ opinion that this method produces realistic hair faster 
and easier than that produced by the conventional method of sculpture. 
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Fig. 8. Wavy hair made of stringer beads. 

Almost any hair style can, be quickly and easily formed. Waves are built 
up with plate and stringer beads are run over them. Fig. 8, ‘‘Man of In- 
dustry V’ head, shows front waves with hair combed back. For deep waves 
the stringer beads are run far apart, or some may be missed out altogether, 
to obtain the correct effect. Parting in the hair may be formed by missing 
a bead or by starting the beads at the parting and running away from in 
which ever way the hair is worn. Grinding will take the tops off of the beads, 
leaving a sharp lined effect much the same as is usually used on the cut or 
chipped statue. 

The finished head now had the bow tie welded on to the collar. It was 
then carefully set up on the top of the inner frame and welded. 

Shirt — ^The shirt is made of a triangular pieCe of plate curved slightly; 
a band of mild steel was used to make the shirt seam. This was welded at the 
top and at the bottom underneath the coat. A shirt button was welded on 
through a hole in its center. 

Coat— The front of the coat consisted of two plates, one on each side — 
the plates bong lapped and welded from the inside. They are not lined up 
tightly, but, ate allowed to gap here and there a little. Flat bars on edge tie 
the coat plates to the inner frame. The top portion of the back, (See Fig. 
10) , is of one piece, pressed to rough shape and then heated and the metal 
rounded at the armholes and shoulders. A piece of plate joins the back and 
front of the coat across the shoulders. Then the balance of the coat was 
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blocked in. The lapels and collar were then made up, the edges rounded 
and welded on the inside and then hammered down. The sleeves are made 
of two pieces, the first part being the portion close to the body. This was 
cdge'welded on the inside, that being the easiest method, owing to the 
narrow width between the coast and sleeve at this part. The outer part of the 
sleeve was made, but was not welded at this 'time as the hands must first be 
made up and welded on to the inside of the sleeves. 

Hands — Two of the well known Winston Churchill’s characteristics were 
placed in the hands. His ever present cigar, and his rather peculiar shaped 
hat. The hands were made, using standard iron pipe. First a piece of three' 
inch pipe was heated and flattened to form the palm. The balance was split 
and a piece taken out. The split portion was then heated, closed up, and 
forged to the shape of the wrist. Small pieces were then shaped and welded 
to form the lower portion of the thumb. One-inch pipe was used on the rest 
of the thumb. This requires some building'Up and hammering to obtain the 
correct shape. The fingers are made of one'inch and three-quarter inch pipe. 
They were cut to site; then wedges were cut out to facilitate bending to 
the desired shape. These were welded, and small pads built up on each side 
of the weld on the inside of the fingers to form the creases at the knuckles. 

Pingennails were made by grinding a low spot on the finger-ends, and then 
fitting a piece of thin steel and welding with a small electrode. The thumb 
was welded to the hand first, and then the cigar (or hat, whichever was the 
case) was welded to the thumb. The rest of the fingers were carefully 
positioned and welded into place. 

The back of the hands and knuckles required extra metal to bring them 
to the desired shape. This was easily built up with the arc. By careful ma- 
nipulation, the chords and irregularities of the hands were built in. A little 
grinding and hammering completed this part of the job. A short sleeve cuff 





Fig. 9. Welding on shoulder plate. 
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was welded on to the wnst. Short brackets were then welded into the half 
sleeves, to which the hands were welded, (See Fig 11), these hrackete holding 
the hands so that they come out m the center part of the sleeve The outer 
half of the sleeve was then welded m place to complete this operation 

Six small sleeve buttons and three large coat buttons were tum^ in the 
lathe, holes dnlled m the centers and then welded in place through the holes 
All welding was now completed 

The job was then checked for accuracy of detail A few creases were 
then added by heating the metal with a large oxy-acetylene torch and forming 
them, using specially shaped tools All welds were then ground smooth with 

a portable grinder. ^ , r n j u 

The finished statue was given a coat of metal pnmer followed by two 
oDats of dull black pamt to protect it from the elements and bring it to a 
uniform color. 

Our efforts were not m vain, our first statue had been a sensation, this one 
was doubly so. Again the welding department held the feature position at 
the school exhibition and at the city s annual fair. The statue now stands at 
the intersection of the two mam streets, the most prominent place in the 
aty, (See Fig. 12). 

Cost 

Mild steel plate — 1050 lbs. @ 8^ 

]4 inch plate — 200 lbs @ 8^ 

% plate — 110 lbs. @ 8^ 

3 inch tubing — 95 lbs @ 12^ 

Shield arc electrodes — 75 lbs. @ 17^ 

Bare electrodes — 7 lbs. @ 9^ 

Current for arc welder — 82 hours @ 15^ 

Oxygen for heating and cutting — 1520 cubic ft (5)— 

Acetylene for heating and cutting — 1 125 cubic ft @ 

Labour for welder — 180 hours @ $1.25 

Labour for helper — 180 hours @ 50^ 

Paint — 3 quarts 

Buttons turning in Lathe — 2 hours (§) $1.50 

Photographs 

Total Cost $519 33 

The construction of this statue was earned on by a class of ten boys, 
ranging m age from 16 to 20 years. As in the case of the other statue, none 
of these had any experience, nor could claim any talent in sculpture work. 

Little actual skill in sculpture was found necessary to fabricate the 
statues. It could be classed more as an engineering project, rather than an 
art. Scale, spirit level, and plumb'bob were relied upon. Measurements 
were frequently taken from a plumbed straight-^edge erected at the hack or 
the front of the statue Erection lines were used on the pictures, these lines 
correspond to the plumbed straight edge. Measurements were easily made, 
locating the height on the line and measuring in* from that point. By tibis 
method, measurements were converted from the pictures to die statue. 

An arc welder of average ability can do this class of work. He must, of 
course, have patience and some imagination, and be able to measure correctly 
and accurately. With some small grindmg equipment, such as used m die 


$ 84 00 
16.00 
8.80 
1140 
12 75 
63 
12 30 
22 80 
22 80 
225.00 
90 00 
7.05 
3 00 
2.80 




Fig. 10. Construction of coat. 
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naking, better results than were accomplished by us could be easily attained. 
This work could be developed by experience into some magnificent works of 

irt. 

It is true, of course, that iron or steel, (with the exception of a few 
illoys) has not the lasting qualities of bronze or stone, unless it is painted 
jvery few years. However, this rusting away of steel is being controlled by 
die use of new alloys, so that durable statues can be built of this material. 

There are a number of processes also, that can be used to protect the 
tnetal, some of them produce a finish of pleasing appearance as well. 
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Tbe mctalijjmg process could be very successfully' utilized to put a pro^ 
fEctiog coat on to this type of statue. This process for finishing has won' 
derful possibilitieSj in it^ the metal being coated is roughened by sand blast' 
ing, then it is sprayed with molten metal, much the same as paint spraying. 
A gocxi mechanical bond is accomplished between the sprayed metal and 
the work* Almost all metals may be applied by this process. By first assem' 
bling a ftteel statue by arc welding then spraying with a suitable corrosion 
resistant metal, a large number of colors or color combinations could ^ be 
obtained; various bronzes and brasses, copper aluminum, stainless steel, zinc, 
lead and many others may be combined together to produce both attractive 
and durable ccanbinations impossible to obtain by any other method of 
sculpture. 

The conventional methods of sculpture are limited to certain styles of 
construction. In the chipping or rubbing out of stone, it is impractical to 
produce thin or complicated sections due to the brittleness of the materials 
being used. Stone has a definite grain structure, and behaves somewhat the 
same as wood in that regard — that is, being very weak and brittle across 
the grarnL, consequently making it difficult to carve small protruding parts. 
There is always danger of chipping or breaking of parts in moving a finished 
statue. With this to contend with, the design does not altogether lend itself 
to lifelike production; clothes worn by a statue cannot be made to appear 
apart from the figure, but must be a part of the general outline, giving an 
impression of thickness. 

In the modelling of plastic material, certain liberties may be taken over 
the previous method, however, as the finished model must be used as a pat^ 



Fig. 11, (left). Right hand welded to bracket in sleeve. Fig. 12, (right). The cdl trelded 
steel statue of Winston ChuicliilL 
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tern for casting, the work must be executed with this in mind. This cuts 
down to a great extent the freedom that could otherwise be used in the 
finished sculpture. 

The arc welded steef sculpture eliminates all of the difficulties encoun- 
tered in the previous sculpture methods. Greater freedom of design may be 
employed, complicated parts may be made separately and assembled to the 
statue later. There is no brittleness or weakness in any part, complicated 
protruding parts may be put on with no danger of breaking off. If errors 
are made they can be easily corrected, by cutting out the part with a cutting 
torch and rebuilding or plating the part to the correct shape — an impossible 
thing to do in stone cutting. Casting procedure is entirely eliminated so that 
pattern design can be ignored and lifelike appearance attained. The arc 
welded statue is easily and quickly built, not requiring the skill and care so 
necessary in successful sculpture of clay or stone. 

Comparison of price between the arc welded procedure and the other 
methods of production is a difficult thing to do. The author has not had the 
opportunity to study costs as applied to methods, other than arc welding. A 
number of small statues have been erected in the district in the past few years 
— these in the form of memorials. These statues were all imported from 
Italy, a source now closed for the duration of the war. The price of these 
statues range from $600 to $1200. They are in the form of commercial shapes 
only. For example — an angel, Christ, a soldier or a child. 

The cost of a statue of a definite person usually runs quite high. Prices 
quoted for a life si 2 ;e statue range between three and four thousand dollars 
for a stone figure, and somewhat higher for a bronze figure. The arc welded 
steel statue easily competes with these prices. 

This is not, of course, in the general run of arc welding but with its 
marked advantages, ease of construction, and comparative low cost, it opens 
up a field that has never been as broad as it is at the present time. With a 
world conflict in progress, new heroes, great men and women are in the 
making. All are worthy* subjects for the sculptor. Memorials for soldiers, 
airmen, sailors and marines will soon be in great demand. Every city, town 
or village of any size will erect a suitable memorial to the boys who went 
away to fight. 

Large sums of money are raised, usually by public subscription, for this 
purpose. A large volume of profitable business could be built up for arc 
welders interested in the art of welding, developed into welded art. 
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Chapter I — Arc Welding of Plated Tubular Furniture 

By Ernest Reiss, 

General Manager and Partner, The Art Chrome Company of America, Boston, Mass, 



Subject .Matter: Detailed descripttons of bending, pladng and 
welding of various pieces of chrome-'plated tubular furniture, in* 
eluding a kitchen or soda fountain stool, saving in cost^ $1,11 
or 30 per cent, a kitchen chair, a breakfast table, a combination 
stool and step ladder and a large upholstered chair are given. 
The welds are kept on the under side as much as possible and are 
painted with aluminum paint to cover the ''‘’burn" in the plating. 


Ernest Reiss 


Any discussion of arc welding in relation to furniture, is itself a discussion 
of the philosophical trend of twentieth century man. Every age, every era, 
has a tempo, a vision, a scale of values, that finds expression in the design 
of the useful things that man needs. In the design of contemporary furniture 
architects and designers have turned to the new materials from which to 
mold their masterpieces. These new plastic materials have significantly been 
those that mark our era — ^steel — -plastics — glass. Steel having played the most 
significant part in our history and life was the material first used for furniture 
by those pioneer designers Marcel Breuer and Walter Gropius, as far hack 
as the Bauhaus in Germany before World War I. 

Steel tubing lent itself readily to die functional problem. It had strength, 
solid line, and dynamic possibilities. It was a material which could be either 
painted, or better still, given a lustrous hard lasting finish by a truly new 
process called chromium plating. It was a material that was plentiful, ine^ 
pensive, and easy to fabricate. It was a material which would blend ^ 
cooperate with the scheme of Ae new architecture which called for simplicity, 
freedom, and the expression of man’s creative genius. 

Tubular steel furniture, thus evolved, had its beginning in Europe and 
logically came to this country to be copied and improved on by American 
methods. The early designers gave us the initial impetus and the original 
idea of functionalism. We gave to tubular furniture popularity and mass 
produrtion methods. ‘ The resulting economy made it an item that anyone 
could purchase. It became possible for restaur^ts, shoe stores, beauty parlors, 
yes, even bowling alleys to have dtr{^ furniture. 
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Fig. 1. Arc welding plated tubular iumiture. 


Arc welding, (See Fig. 1), is an American contnbution to the populanty 
of chrome furniture. We are proud that our company has been one of the 
pioneers in arc welded construction of chrome tubular furniture. 

Arc welding has made possible: 

1. cheaper methods of construction 

2. improved appearance 

3. faster construction 

4. added strength , 

5. new designs impossible or too costly to manufacture in any other way 

It is the purpose of this paper to deal with these five advantages of arc 
welded furniture as we applied them to items in our own plant. 

It is not the purpose of this paper to deal with the problem of efficiei^ 
management of a chrome metal furniture factory. Nor will we deal with 
costs and methods of cost estimating, except as a matter of comparison between 
old and new methods. These factors are subjects in themselves and the same 
broad principles that apply to the management and cost accounting of any 

successful business apply here. t c • 

It is my purpose to show and explain, as completely as I can, the im- 
provements and new discoveries that we have made in our own plant, hoping 
that perhaps they may be of benefit and encouragement for the future to a 
metal furniture industry striving hard to find its place in a world at war. ^ 
The largest single cost on an article of chrome furniture is the plating 
itself. This is so, because chrome plating involves^ many processes, most of 
them involving manual labor. The frames, after being formed and fabricated 
to desired shapes, must be polished, washed in alkali cleaner to remove grease 
and dirt, rinsed, dipped in acid, rinsed again — once more in alkali cleaner, 
rinsed and placed in the copper tank. After the copper plate the frame is 
rinsed in cold and then hot water and buffed. It is again put in the alkali 
cleaner, rinsed, dipped in acid, rinsed, and into the nickel tank. Once again 
cold and hot water rinse after plating and once again buffed. Then it is put 
into the chrome tank and finally rinsed in cold, and then hot water. There is 
also a newer process using hot nickel which eliminates the copper plating. 
Tanks are limited in size for practical purposes. The bulkier the item, the 
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fewer pieces in a tank at one time. Since it requires 30 minutes in the nickel 
tank alone, progress of work depends on quantity in tanks at one time. All 
these factors influence final cost. 

To produce furniture at the lowest cost we began with the following basic 
facts 

1 Simple, “one plane'’ bends were cheapest to fabricate both from the 
bending as well as the platmg angle Many more pieces could fit into the 
plating tanks if they were composed of simple one plane bends 

2 Welds and flanges represent additional costs m buffing as well as 
grinding before buffing 

3. Complex bends and welded pieces were sometimes even impossible to 
chrome as the plating would not “throw" into the crevices. 

Experiments with arc welding showed us that with the proper heat 60^70 
amps and % 2 dnch coated-rod chrome plated tubing could be welded securely, 
and the “burn" confined to a distance of not more than ^2 hicb- When the 
weld was cleaned and painted with aluminum paint, the jomt was not un-' 
sightly and particularly good when welded on the underside or where covered 
with some other part of the article of furniture 

The fi^rst item we tried electnc welding on, was a bar stool which we 
sold for use in kitchens, playrooms, soda fountains, and bars. In this particu-* 
lar case, electnc weldmg was our last hope The stool which I shall presently 
descnbe was giving us a great deal of trouble. It was origmally constructed 
of 4 pieces of hmch ground bedstead tubmg bent to form the legs of the 
stool, and one piece of the same material bent to form a 12-mch square and 
which served as the footrail A piece of Tinch x ^-inch cold rolled steel, 
rolled into a circle served as an mside support and was believed to be of 
some decorative value The square nng was bolted around the legs, the cold 
rolled steel was bolted inside near the top. 

Both of these items were acetylene welded and ground so that they 
formed each a continuous piece All six pieces were then chrome plated 
before assembling. 

The legs were bent over at right angles to support the top This top was 
a round upholstered unit made of wood and upholstered with leatherette. 
It was screwed to the legs by wood screws and acted as a third support to 
hold the legs together, (See Fig 2). 



Fig. 2« (left). Sketch of stool hrame. Fig. (center). I.egs cmd foot rcdl In special |ig foe 
welding. Fig. 4, (right). The finished stool. 
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But somehow these three supports refused to hold the stool together 
Whenever a nut worked loose it was only a short time until tl^ rest of the 
stool disintegrated It was proving costly to replace them and we turned 

finally to electric welding* i i j j 

After some experimenting we found that a % 2 'tnch coated welding rod 
would weld chrome plated tubing together with a minimum of t)urn 

The four separate kgs were first welded together at the top by placmg a 
4 "inch square steel plate on them and welding the legs to it. This first needed 

simplification. ^ , t 

Our first step then was to change over from 4 legs to one loop which 
served for 2 legs, and 2 single legs These three pieces and the same square 
tubular footrzil used on the previous stool, were chrome plated ^he legs 
and footrail were then placed upside down in a special steel jig, (See rig 3), 
and the twd single legs welded at their top end to the double leg 

In this same position, upside down, we electric welded the foot ring to 
the legs from the under side. 

When we turned the stool right side up the welds could not be seen on 
the foot ring, and when we put the seat on the top, it covered the weld 
joining the legs together We then found that we did not need the mside 
rmg as our stool was now stronger than we ever needed it to be (See Fig. 4). 

The welds were cleaned with steel wool and painted with aluminum paint 
to protect them against rust. 

We discovered that we had unconsaously removed a stocking hasjard by 
eliminating all screws from the foot nng. 

When we began to figure costs and time we found the following: 


14' 4" Bedstead ground tubing 
Inside nng including plating ... 

Plating 

Upholstered seat 

Glides 

Screws, cap nuts and washers . 
Gut tubing — 

Bnll „ZZZZ”ZIZ1IIZ 

Weld tubular ring . — 

Assembly 

Weld, clean and paint - 


Savings 

Old Method 

4 legs 3 cap nuts 

1 tubular ring 8 !4'20 screws 

1 flat n ng 8 lock washers 

The other advantages we obtained were: 

1. Added strength and permanent construction 

2. Absence of screws which might loosen or tear clothes 

3. Less parts 

4. Less time to manufacture 

5. Lower costs of manufacture 
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Welding time in the jig was 10 minutes at 65 amps Two 
coated rods were consumed 

With this Item so satisfactonly built by electnc welding, we turned with 
enthusiasm to new fields. We found it possible to add two completely new 
chairs to our line One was a better construction of a highly competitive 
number, the other a brand new chair, which besides possessing ease of manu^ 
facture, is to our mind one of the most attractive chairs on the market 

The first chair was a four legged conventional chrome tubular kitchen 
chair It was made entirely of J^-inch tubing and contained altogether 11 
feet 2 inches of tubing It was made of four pieces of ground tubing, and 
one additional piece for a stretcher The bending was simplicity itself, two 
pieces with two bends each, and two pieces with one bend, (See Fig 5). 



Fig. 5, (left) Details of bending the chair frame. Fig. 6, (center). Chair frame in arc welded 
jig. Fig 7. (right) Completed chair with cushioned seal and back. 

Fig. 8. Chair adapted for Navy contract. 

We used our scrap (waste tubing) for the stretcher, flattenmg both ends in 
a punch press The four bent pieces were plated, placed in a specially con^ 
structed arc welded jig, (See Fig 6), and welded in one operation with no 
special skill needed. The backs were welded to the loop forming the legs, 
and then each leg was welded to the stretcher The welds were cleaned and 
painted. The stretcher and legs were drilled to attach the wooden uphoh 
stered seat. The back supports were dnlled to hold the upholstered back. 
When back and seat were screwed into place the chair had ample strength 
for Its use (See Fig., 7) 

This chair has been made, similar in appearance, by other manufacturers 
without electric welding, but with half the strength and always with more 
tubing, off plane bends, and higher manufacturing, platmg, and assembly 
costs Our chair, with the addition of another stretcher, and with a wood 
saddle seat and wood back, was approved for a Navy contract, (See Fig. 8). 

The specifications on this chair for this purpose were as follows* 

Design — Chair shall be of the usual four leg type m appearance except 
that it shall be constructed of a frame of chromium plated steel tubmg with 
a wood seat and back. 

Frame — ^Tubing shall be approximately Idnch, 14-gauge cold rolled 
steel tubmg free from pits and fissures; commonly known as O. D. 14 No 
other will be acceptable. 

The tubing shall be electro-plated with at least three platings as follows: 
Heavy copper deposit of no less than ,0003 to .0005 indi after buflhag and 
polishing. Heavy nickel deposit of no less than .001 to .002 after pohshing. 
A final deposit of high quality chromium of no less than .00002 inch or more 
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Frame Construcrion-The chair frame shall be c^POsed tae 

to form the legs and a back frame supporting the wood ba<i. 
shah be formed of two inverted “U” shaped lengths of ^eel 
are to be securely welded together by means of a steel tube whtci shaU ^ 
m parallel with the seat and at nght angl« to the U f ^ 

together. All welds are to be complete The ends ^ 

be the feet of the chair. These shall be eqmpped 
plated steel glides which shall act to prevent the chair foot from marring 

back frame shall be composed of two support each ^ ^ ^ 
in length. These supports shall be of chromium plated steel tubing. EaA 
supportlhall be securely welded to the rear portion of the upper rear leg 
fr^. The upper ends of the back supports shall be fitted with a permanent 

chromium plated steel cap. u r ..i. 

Seat— The seat shall be of an accepted hardwood, shape to be ot tme 
commonly known saddle type. It shall be securely fastened to the frame ^ 
means of four round head blued #10 wood screws, which shall not be ex' 
posed on the surface of the seat itself. 

Back — ^The back shall be of an accepted hardwood material postured or 
curved to fit the body. It shall be securely fastened to the back frame oy 
means of four flat head chromium plated self tapping Wi^ch diameter scr^s. 
They shall be counter^sunk into the face of the wood back. No screws shall 
be visible from the rear of the chair. 


Dimensions — 

Seat 

Back 

Height to top of seat 
Height to top of back 
Floor area - 


,15"xl5'' 
15 "x 9V2" high 
.181//' 

321/2"' 

.14V2"x18!/^" 


The time required for welding this chair in our jig was 5 minutes. The 
amperage was 70 amperes and one % 2 ''inch coated welding rod was com 

The new chair made possible by arc welding was our #M6M htchen 
chair. This was promoted with our KTME kitchen table. The unit was 
made to meet the demand for a better chair and table combination The 
problem was to design a table that would be a little different in design; extra 
strong in construction, and at the same time to design a chair that would 
match and have the same qualifications. 



Fig. 9, deft). Development of table leg. Fig. 10, (center). Welded choirs and table. 
Fig. lit (right). Connection of leg and table top. 
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After quite a number of experiments and many hours of sketching and 
testing, we developed a table leg, (See Fig 9), and a chair to match, (See 
Fig. 10 ). The table leg was of the "’’hairpm’^ variety, a term common to the 
breakfast table trade, only instead of connecting to the table by attachment 
to the skirt, our leg had one end attached to the inner comer behmd the 
skirt and diagonally m from the corner, (See Fig. 11). The leg was made of 
^-'mch tubing bent in a V shape, chrome plated, and the flanges J /4 mch by 
4 inches square were electnc welded one to each end, the welds and flanges 
pamted with aluminum paint. The skirt hid the flanges and welds. The 
table was of the extending type with removable center leaf. The method of 
connectmg legs with the ends diagonally toward the center gave the table a 
rigidity not obtainable in the common type of extendmg table. The legs took 
the drag of the opening and closmg of the table without any vibration such 



Fxg. 12 m (left). Three pieces of chair frame tubing. Fig. 13, (right). Chaar ports in Jig. 

as was evident in the single leg or corner attaching style The loop of the 
leg, being on the floor, elimmated the necessity of plugging the ends or adding 
glides Subsequent reports indicated that this type of leg was exceedingly kind 
to floors and linoleum 

The chair was made of three pieces of 54"iuch tubing, two pieces each 
forming one front leg and back support, and one piece forming the seat sup^ 
port and two back legs, (See Fig. 12 ) 

The three pieces were placed m a jig, (See Fig 13), after being chrome 
plated separately and welded together by four electric arc welds Aluminum 
pamt covered the welds. The upholstered seat covered the two front welds 
and the two back welds were not particularly noticeable. The front legs 
matched the table legs perfectly and were attractive as well as functional. 

Tks chair can only be built by electnc welding as there is no other 
method by which the component parts may be joined with suflScient strength 
to keep them together. It could not be jomed by acetylene welding, smce the 
cost of chrome platmg would be prohibitive as the chair must first be acetylene 
welded and then plated. 

The time required for welding was five minutes. Two coated 

rods were used with the amperage at 65. 
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Anotlier titchcni item was a combination work stool and step ladder. Co^ 
of manufacture was of prune importance as this ladder had to compete with 
inexpensive wood ladders. It was necessary to use the mmiiiiuia of tobmg, 
simplest of bends, cheapest method of construction, and be composed of parts 
least expensive to chrome plate. 

We designed the following stool: 

Two pieces of %unch tubing 56|4 inches long were bent m a sort of 
and near one end of each a Va'inch hole was drilled through one side 
only. One piece of scrap tubing 10 inches long was flattened at both ends 
and served as a stretcher. Four pieces of angle iron 3 mches long were cut 
and two #8 holes drilled on one side. A piece of ^l^mch tubing was cut 
1Q% inches long. The two ‘m" and the Va^mch tubing alone were chrome 
plated, (See Fig. 14). 



The two ‘‘UV’ were then set in a jig, legs up, the two ^^'-iach holes facmg 
each other. The l/z^inch piece of tubing was placed, one end in each of the 
holes so provided A small electnc weld was then made joining the i/^unch 
tube to the ^-inch ’’‘U’s”. The stretcher bar was next placed in the middle 
of the bottom of the “U’’ and welded to the “‘U”, the flattened ends making 
it possible to weld without bmlding up around the tubing The angle irons 
were then welded in predetermined positions on the other legs of the “U’’ 
Here too particular care was taken to keep the burn as small as possible and 
yet provide adequate strength to the jomt. All welds were cleaned and care^ 
fully painted with aluminum paint. The stretcher and the l/z^inch rod served 
as supportmg members to hold the stool together and keep it ngid. The 
stretcher also served to hold the upholstered seat while the Yz^indi rod served 
as a heel rest when one sat on the seat and used the item as a work stool. 
The angle irons held the ladder steps. They were made of plywood ““5 ply”, 
and covered on the front edge and top with corregated rubber matting. They 
fitted into the angle iron and were screwed to it by wood screws. 

Besides being attractive and servmg a dual purpose in the kitchen, this 
combination stool and step ladder is one that does not lose strength with 
time, as do the wooden ones when rails loosen, wood splinters, and glue dries 
out. It will always be a safe item, never a halyard. (See Fig. 15). 
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Tlie actual cost on this item exclusive of overhead and packing costs is 
as follows: 

Tubing $ -44 

Rod 03 

Stretcher and flattening rods — 05 

Angles - 10 

Wood 09 

Rubber 07 

Glides 07 

Seat 33 

Plating - 50 

Screws : 05 

Glue (for rubber) 01 

Bending 05 

Drilling 06 

Cutting - 08 

Welding including material 25 

Assemble 19 


Total — ^labor and material $2-37 


The next interesting chair we developed was our #JM. 

A piece of Idnch tubing was bent to form the front member, somewhat 
in the form of the letter C with a short reversed bend in the back to raise 
the middle section of the C off the floor and form two points of suspension. 
Two of these pieces 'were bent for one chair- To these was welded one shorter 
length with a slight bend in the middle. This formed the back support and 
the back leg. The bend in this piece gives the back its required tilt. The 
welded joints were polished smooth on a portable sanding disk with No. 36 
grit, resin bonded disks. Both pieces were then plated. In addition we 
cut three short rods J4dnch in diameter 22% inches long, one %ednch rod 
23 indhes in length, and one ^gdnch rod 21% inches long. These pieces 
were also chrome plated. The two y^Q^inch long pieces were the seat support. 
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and lioles were drilled on the inside of the tw’^o arms on each end through one 
side of the tubing only to contain the ends of these rods Three holes were 
also dnlled in the bottom part of the arms through one side of the tubing 
only to accommodate the three J4dnch rods. When all the rods were set in 
place they held the two arms in an upright position All that was necessary 
was to electric weld (on the under side) these rods to the arms It was 
necessary to use care and thoroughly test these welds for strength. Aluminum 
paint covered the bum, and when the chair w'as set right side up, the wood 
upholstered seat placed on top of the ^g-inch supporting rods, no weld was 
visible The longer ^(j-'inch rod was used m front to give the chair a taper 
toward the back for the sake of better appearance. 

The chair possesses unusual strength from its all welded construction and 
does not depend on its upholstered sections to hold it together. It eliminates 
bolts, tapping operations and countersinking, and is thus cheaper in construe'' 
tion as well as easy to assemble. Assembly is done in an electric welded jig 
in 10 minutes as against an estimated time of 60 minutes if the chair were 



Fig. 18. Manicure table. 
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of a bolted construction. Appearance is enhanced by the absence of unsightly 
screws and a stocking ha2;ard is eliminated. 

The design of the arms and legs makes it possible to use this chair on un^ 
even floors since there are four points of contact instead of two long surfaces 
were the tubing flat on the floor without the offset, (See Fig, 16), 

One % 2 "hich coated rod only, was used on the entire job with the am- 
perage at 70 amperes. 

This application of arc welding to metal parts already plated, is not 
limited in our plant to household furniture, but since the subject matter of 
this paper is limited, we have not mentioned how we use this process to 
fabricate the many commercial items we manufacture. For example, we make 
a chrome plated shoe fitting stool, (See Fig. 17), which is purely functional 
and impossible to manufacture at twice the cost except by arc welding. We 
make a manicure table for beauty parlors, (See Fig. 18), a chrome shoe chair 
unit for shoe stores, chrome booths for restaurants, chrome swivel chairs for 
offices, and other items all with this same technique. 

It might be well to mention here that we have found in our experience 
that the designer alone cannot create nor solve the problems, merely by sketch- 
ing his ideas on paper. The cost of performing the various operations is a 
major consideration, and the possibility and feasibility others. The designer 
must know costs or work with the man who does. He must know methods of 
construction or work with the foreman of the department. And, if it be arc 
welding that he is looking to for the solution, he must work with the man with 
the mask, trying new ways, experimenting, testing, keeping costs. Only in 
this manner, have we found the way to create and improve. 



Chapter H — Wrought Iron Furniture Manufacturing 

By Joseph H. Woodard, 

Co^.own€f and Plant Manager, Lee L. Woodard Sons, Owosso, Michigan. 



Subject Matter: Many of the parts p£ wrought iron 
are formed in a punch press. Trouble was experienced by the 
breaking of dies. An arc welded die was made to ^place the 
former cast iron die at a saving of $2.42 per die or 30 per cent. 
This represented an annual saving to the company ot 9^08.^ 
An improved floor glide for furniture legs involving welmng 
was developed representing a saving of 23 per cent on this item 

or $1,125 per annum, , , , ^ . 

A method of welding brass ornamentation to the wrought iron 
was developed which represented a saving in this item of 43 
per cent or $1,300 per annum. 


Josepfi H. Woodard 


Since 1934 it has been the author’s pleasure to be joint owner and plant 
manager of a concern manufacturing a large line of wrought iron furniture. 
This line totaled in 1941, IJO different catalogued items, such as all 
tions of seating pieces — side chairs, arm chairs, gliders, benches; tables 
dining, console, lamp, coffee, end table, and nest of tables. In addition, there 
are beds, mirrors, tea wagons, plant stands, wall brackets, bookshelves, maga^ 
zine racks, etc. The development of such a comprehensive line was the 
natural growth of a moderately successful business, covering the six years 

prior to 1940. 1 i 

During these years the application of arc welding became such an 
integral part of our manufacturing process, that as regards the^ problem of 
ioming two pieces of metal together, we found ourselves thinking in terms 
of this method. By way of explanation, all the metal parts tkat form a unit 
of our furniture are joined by either arc or spot welding, no screws, bolts, 
chps, or other means being used. Undoubtedly most, if not all, of the welds 
could be accomplished by the acetylene method. The basic advantages of 
lower material and labor costs that arc welding enjoys over acetylene, how- 
ever, were so apparent to us at the outset (1934), that we did not use then, 
or have since, acetylene equipment. 

One basic characteristic of all our furniture is its hand forged appearance. 
The term '‘wrought iron” not used technically implies hand craftsmanship, 
or at least a hand-made appearance. It is, therefore, our desire to produce 
with modem methods and technique items of beauty and to emulate in 
texture the works of old ironsmiths. 

Some of our operations are performed in much the .same manner as in 
years past. This is true in the case of small forgings, where, because of the 
large number of bar sizes and the various nxunber of forged shapes involved, 
it would be impractical to invest in necessary dies to do the work under 
power pressure. We are still using the time established method of fire heating 
and hand forging on an anvil. As compared with old methods, the assembly 
technique has improved most, and this chiefly because of the developments 
of arc welding. 
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By 1940 our welding operators had achieved a surprisingly high degree 
of skill and efficiency. Because of their ability to not only weld, hut to "‘£11 
in\ weave, and to “taper out”, the appearance and quality of the arc welded 
joints are difficult to differentiate from those of slower methods such as 
fire and acetylene. While the problem of warpage must always be considered* 
arc welding minimries this condition because of the concentration of heat 
applied. 

All of our welding is on light metal, often as light as 20 gauge sheets and 
, ^'inch diameter wires. In addition, the welds are very short in length, never 
more than 1 inch. This type of welding is generally referred to as “tack 
welding”, except that in our case welds are final, not later supplemented with 
additional runs. It is most important, therefore, that all joints be well fused, 
with a minimum of excess deposit and splatter. We use three different 
electrode si2;es, namely, % 2 -inch, ]4dnch, and 

Inasmuch as all our designing is done by members within our own organh 
nation, many of the welding problems can be solved in advance. Whenever 
possible, the welds are placed in hidden locations; with a table, for instance, 
on the underneath side; on a chair, underneath and on the back sides. Follow^ 
ing this practice eliminates much grinding and cleaning. Welding jigs are 
made up so that practically all final welding assembly work is done with 
the article of furniture in an upside down position. The work is positioned 
as to provide horizontal or vertical welding. Overhead is always avoided 
wherever possible because of the loss of time, material, and the relatively 
poorer quality of joint. It is interesting to note that in cases where it is of 
prime importance to obtain a smooth flush bead, it is easier to weld with 
the work in a vertical position, welding down, than horizontal 

Good welding jigs are most essential After a perfect sample is once 
built, it is a simple matter to weld up around it a separate jig framework to 
be used subsequently in holding in perfect alignment during the welding 
process the various pieces of a complete unit. The jig should be built to allow 
the completed welded unit to be easily removed. Stop pins, hold down 
clamps, and other ideas can be worked out to allow the operator free use of 
his hands. Welding jigs increase production, eliminate warpage, and insure 
accurate work. Jigs often present an opportunity to protect work adjacent 
to welds from splatter by attaching a piece of sheet metal thereabout. With 
our own welding equipment, jigs are inexpensive to build and often pay 
for themselves on a production run of as small as ten pieces. 



Fig. 1. (left). Cast iron die for fonning cnigift Irpxi. Fig. 2« (right). Welded steel c^e lor 

fonni)^ angle iron. 
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Rff. 3. deft). Original ringle-pimched disc. Rg. 4, (center). Improved furmtaie gMe. 
Rg. S. (righO. Tool used in arc welding cup to leg. 


So far I Lave merely related our general application of arc welding prior 
to 1940 Since then we have made three improvements to our prodimts or 
manufacturmg methods, all of which were made possible became of toe arc 
welding process. These developments are all embodied in the production 
of our 755'A chair which is selected by the author as a typical unit to ^rve 
as tiie subject. The following discussion, all of which pertains to the 755'Jx 
chair, falls into the following headings: 

1 Arc welded steel forming dies for punch presses 

2. Development of set-in-rubber stamless steel floor glide — arc welded 
to steel furniture leg. 

3, Brazing by arc welding brass ornamental castings to steel furniture 
frames. 


I 

Arc Welded Steel Forniing Dies for Punch Presses— Many of the form- 
ing operations on our bar stock are performed on punch presses. We had 
used cast iron dies, moulded from wood patterns and machined to size, 
Fig. 1. These dies are subjected to severe strains and were continually break- 
ing* We found it impractical to repair the breaks by any means, even arc 
welding; and broken dies had to be replaced. Of course, solid steel dies 
completely machined would have overcome our breakage problem, but the 
machining expense would have made the cost excessive 

In early 1941, because of a broken die which was urgently needed, we 
decided to replace it by welding up a steel die using short pieces of our 
scrap bar sections properly formed and welded into a solid unit. Fig 2. To 
our great satisfaction, this die proved to he far superior to those of cast iron, 
and since then all such dies have been made in this manner. As compared 
with the cast iron dies, the steel ones are practically unbreakable, are hghter, 
cost less, and have the advantage of being easily reinforced at wearing spots 
by welding over such places a bead of tool steel electrode and gnndmg 
smooth. 

The production of such dies is as follows* After th^ pieces to be made 
into the die have been formed, wc have found it good practice to place 
them together in their relative positions in the punch press, and perform the 
welding while they are held tightly between the press ram and bed. By 
allowing the dies to cool in this position before removing will eliminate warp- 
age and will insure the die surfaces of being parallel, making unnecessary 
any machining. Tapped holes for boltmg the dies to press may be eliminated 
in some cases by welding nuts to the sides of dies. If hold down clamps are 
used, lugs may be welded to dies. Vulnerable surfaces of the press may be 
protected from welding splatter by covering with a thin sheet of metal 
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A comparative cost estimate of two typical dies follows, (See Figs. 1 
and 2) 

Comparative Cost Table of Cast Iron and Welded St^l Dies 


Cast Iron 

Matenal: 

Wood pattern band sawn $1 50 

Cast iron^ 30 lbs @ 6 ^ 

(includes foundry labor) 1 80 

Labor* 

Machmmg, including tapped holes 
5 hours @ 1 00 5.00 


Steel 

Matenal* 

20 lbs hot rolled steel @ lb 

1 lb. coated electrode 

Labor* 

Gutting and forming, including tapped holes 

3 hours @ 1 00 — 

Weldmg, 2 hrs. @ LOO 


$8 30 


.70 

.085 


3 00 
2.00 


Effected savings 30%. $5,785 

The total annual savings to our company as a result of this changed die 
construction can be estimated as follows: During the year 1939 a total of 
$1,520 was paid for cast iron dies. If we had taken advantage of the welded 
die construction during this year, a savings of 30 per cent of $1,520, or 
$456 would have been effected. This estimated savings does not take into 
consideration breakage; no plant figures are available on this expense but it 
IS the author’s opinion that the elimmation of breakage has effected at least 
an additional 10 per cent savmgs for a total 40 per cent of $1,520 or $608. 

II 

Improved Floor Glide on Furniture Legs — ^Previous to 1940 we had been 
weldmg around steel disc to the foot ends of chairs and table legs to serve 
as a floor glide This was a cup^shaped stampmg with a hole punched in it 
slightly larger than the sii^e of the leg to which it was attached. The disc 
was slipped over the end of the leg and welded from the bottom side, (See 
Fig. 3) This glide was satisfactory when the furniture was used on a lawn 
as It did not allow the legs to push down into the ground. It was not, how-* 
ever, satisfactory for use on fine terraces, linoleum, or hardwood floors, as 
Its sharp edges had a tendency to mar the surface. It would cut into rugs, 
mabng difiScult the ghding of the article across the floor. We experimented 
with rubber crutch tips, and while they protected the flooring, they did not 
allow the furniture to be easily moved. Some other means had to be 
developed 

Standard furniture glides for legs of wood or steel tubmg are on the 
market, but none are designed for use on solid bar stock The ideal type of 
furniture glide, particularly for steel furniture, is one that embodies a rubber 
cushion between the metal glide and furmture leg The rubber cushion 
greatly overcomes the ngidity always objectionable with steel furniture. We 
proceeded to develop a rubber cushioned glide that would meet our own re" 
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quirements of being readily attached to solid bar legs approaching the floor 
at many different angles. 

The new glides, (See Fig. 4), are an assembly of three parts. One, a cup 
shaped stamping of polished stainless steel serves as the bearing surface of 
the glide. This part is so rounded and polished as to allow the easy moving 
of the furniture without damage to any flooring. Being stainless steel, it is 
rust proof and the wearing surface is not affected by outdoor exposure. The 
glide itself is large enough to prevent legs from pushing into soft ground. 

Part two is a rubber moulded ring which encircles the outer edge of the 
stainless steel glide. These two parts are held in place in a stamped cup^ 
shaped steel receiver which is arc welded to the furniture legs in the same 
manner as was the original single disc mentioned previously- In order to 
hold the small receiving disc in place during the welding, a small tool is 
used which embodies a rather unique idea worthwhile describing. 

The disc is so small that to hold it in place by hand would bum the 
welder’s fingers, even though asbestos, or leather gloves are used. A tool 
was made from a common pair of automobile kit pliers, (See Fig. 5). One 
|aw of the pliers was cut away and a copper ring was braised on to the stub 
of this Jaw. The copper ring fits down into the steel receiver which is held 
in place by the other jaw. This tool has the advantage over a common set 
of pliers in that the copper ring shields the inside of the steel receiver from 
all welding splatter, a point most important in fitting the stainless steel and 
rubber ring into the receiver. With the use of this tool it is possible to hold 



Fig. 6. Welding receiving discs to chcdr legs. 
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Hg. 7^ deft). Typical brass castings for omomenlation. Fig. 8, (riglit). Omomentccl brcisa 

castings. 


the receiver at proper angle with relation to the leg and floor, even though the 
welding is done with furniture in upside-down position, (See Hg. 6). 

Assembling the three parts of the glide is as follows The first operation 
IS the welding of the cup-shaped receiver to the steel leg. The moulded 
rubber ring is fitted around the stainless steel glide, and these two units are 
then snapped into the receiver. The dimensions of the parts are held to 
very close tolerances so that when nested together with the rubber ring 
between, are held in a snap wedge fit. Undoubtedly the attaching of our 
glides could be accomplished by resistance welding, either spot or butt; 
but for our needs, this method would be entirely impractical because of its 
inflexibility. We use no less than six different si^ies of square or round bar 
stock for legs and these each may approach the floor at any possible angle* 
For butt welding this would involve a special electrode clamping device for 
not only each of bar, but for each angle used for each si2;e It would 
also necessitate the machining of each leg and at the proper angle There 
would even be a question as to whether or not this type of weld would 
withstand the strain to which it is subjected 

While the necessity for developing this glide was not motivated because 
of our desire to economisje, we were pleasantly surprised to find that our 
cost in making these parts is less than that of standard ghdes on the market. 
Even after charging the total expense of dies and rubber mould to an annual 
production run of 75,000 units, the manufacturing cost of our own glide 
IS 4^2 cents each Similar standard glides wholesale for 6J4- cents each. A 
savings of 23 per cent or IV 2 cents per unit was effected, and on an annual 
usage basis amounts to IV 2 cents x 75,000, or $1,125. 

A cost comparison of the glides alone does not reveal a true comparison 
because of intangible elements involved For example, in making a compan- 
son the time involved m attaching the glides should be considered We 
have nothing to compare on this basis because none of the standard glides 
could be practically attached to our steel bar legs It should be sufficient to 
state that pnmanly because of the faalities offered by arc welding, we were 
able to develop a glide meeting our particular requirements and enabling us 
to offer an exclusive feature not available on other hnes of wrought iron 
furniture. 


Ill 

Brass Castings — ^During the latter part of 1940 while we were working on 
designs for the coming year, it occurred to us that a new field of ornamenta- 
tion would be opened to us if we could attach decorative metal castings to 
our steel frames. Previously aU decorative features, such as forged leaves. 




524 


STUDIES IN ARC WELDING 


scrolls, etc., had been mdividually forged or stamped and separately voided 
to the frames. Our idea was to cast units of various design motifs, such as a 
running vine of leaves, berries, buds, etc., and to attach this casting to the 
steel frame. The cost of a cast unit should be much less than to form and 
weld the individual leaves, etc., into a complete unit. The cast units, 
although identical, would be so located and arranged with respect to each 
other as to avoid the undesirable effect of repetition. ^ 

In order to have a fine, tracery-like appearance, the castings would be 
very lightweight and would add little to the structural rigidity of the ^com- 
pleted article. Experiments with cast iron proved this material to be unsatis- 
factory. The welding could be performed, but the castings themselves were 
too brittle to withstand the flexibility of the frames. Malleable iron castings 
were then tried; and while they were strong and flexible before weldmg, 
the heat applied during this operation reverted the malleable iron to a brittle 
condition at points adjacent to welds. Breakage still occurred. 



Fig. 9. Brush guard grilles for army trucks. 

We had not tried brass because of the higher material cost and because 
we anticipated difficulty in arc welding the brass to steel. After working 
with various foundries, however, we found that castings in brass would cost 
only 50 per cent more than in iron, and even less than malleable iron. In 
addition, the brass would be sufficiently pliable to withstand the flexibility 
of the steel frames. The cost would not be prohibitive if a satisfactory weld 
could be performed. Brass castings, (See Figs. 7 and 8), were obtained and 
experiments were made in welding with various electrodes. A phosphor^ 
bronsje coated electrode proved highly satisfactory. No breakage occurred. 
During our experiments we found that an 18"8 stainless steel electrode would 
also give satisfactory results, but was slightly higher in cost. Stainless steel 
electrodes are often overlooked by welders in attempting difficult jobs, particu" 
larly as outlined above for the welding of dissimilar metals. 

While we never made an actual cost comparison of the cast unit to that 
jf an individually stamped, formed, and welded unit, our past experience 
ivith this method prompted the change. Definite savings, however, are 
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positively effected. A typical cast unit, (See Figs. 7 and 8), costs 9^^ cents 
each; while a similar unit assembled from pieces could not be duplicated for 
less than 15 cents. A savings of 43 per cent per unit is a conservative 
estimate. On the basis of usage during 1941, 20,000 units would result 
in an annual savings of $1,300. 

During the year 1941 and 1942, our findings were successfully put into 
practice and a large percentage of our production was devoted to items in" 
volving the use of brass ornamentation arc welded to steel frames. We were 
able to offer designs more ornate in detail, yet competitive in price with less 
attractive ai^icles. To our knowledge this method of design application had 
not been used by others in our type of work. The enthusiastic acceptance 
of designs so constructed is the primary attest to the value of this arc welding 
development to our company. 

Conclusion — In addition to the value to our business of the three men" 
tioned developments, our knowledge of arc welding has been one of our 
greatest single assets in contributing to the war effort. War production has 
greatly increased the demand for arc welding equipment and operators. 

Since August, 1941, when three of our operators, including the writer, 
were approved as instructors in arc welding, we have been offering Govern" 
ment sponsored vocational arc welding instruction. Some fifty odd men have 
been trained during night courses. As fast as these men are acceptable, they 
are referred to the Flint, Lansing, and Bay City plants producing tanks, 
armored cars, trucks, and submarine chasers. 

While our civilian furniture production has been gradually curtailed, 
and finally stopped entirely effective June 30, 1942, we have readily con" 
verted to production of war items, (See Fig. 9). At present writing, 75 per 
cent of plant capacity is devoted to this type of work. 



Chapter III — Bed Rails and Bed Springs 


By E. H. Atkinson, 

Mechdmcdl Engineer, Fulton Metdl Bed Mdnufdcturing Co., Atldnta, Gd. 


Subject Matter: Bed rails and frames for bed springs are usually 
made of angle iron. When the war demand made it impossible 
to obtain angles from the mills for this purpose, this company 
conceived the idea of using the plate trimmings from the tin 
plate mill, which the mill was permitted to roll into shapes to 
suit and sell. These trimmings were too thin to have the re' 
quired strength when rolled into the standard si 2 ;ed angles for 
the bed rails, so the shape was changed to a channel. 

For the bed springs, the cross slats were usually made of Idnch 
X 14dnch steel bands. These were changed to lJ4dnch x 
inch angles rolled from trimmings. The connections were all 
made by welding. 

E. H. Atkimon 



The object of this paper is to show how a manufacturer of metal beds 
and bed springs when deprived by war demands of his conventional hot^rolled-' 
steel shapes turned to an arc welded design using shapes that he could obtain* 
and thereby continued operation of his plant. 

To appreciate the necessity of change, let us look back to early 1941. 
Most of the world was at war or was preparing for war. With the lend lease 
program in full swing, and with the National. Defense program building army 
camps, warehouses, and numerous defense industries, manufacturers of civilian 
^goods made of steel began to feel the pinch of steel shortages during the middle 
of the first quarter of 1941. Before the end of the first quarter the steel mills 
were refusing orders for material not going into defense work. The last hot" 
rolled shapes this manufacturer received were ordered in February, 1941, and 
were delivered in November, 1941. So, to continue the making of metal beds 
and springs it was necessary to change to some material that was obtainable. 

The large steel mill which had been the sole source of supply for several 
years was by then engaged in rolling tin plate stock and shell stock. At the 
end of the hot rolling of this stock, and before the cold rolling, the edges of the 
sheets had to be trimmed to cut away the edges which were laminated and 
checked, that is, the sheet had to be squared back to good solid stock perfect 
in structure. These trimmings were waste and had no value other than scrap 
to be re^meltec^. The government was, and still is (May, 1942) permitting the 
sale of this material for non^war work. 

But to work this material into metal beds and springs, the customary 
method of manufacture had to be abandoned and a welded design was the 
mswer to the problem. 

In the summer of 1941 we began to run out of the regular angle iron 
rfde rails for metal beds, and also the slatted steel bases for bed springs. So, 
ve set out to make bed side rails and spring bases from the steel mill scrap. 

First let us consider the bed side rails. The bed side rail is that part of 
-he bed which extends from the lock on the head of the bed to the lock on 
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Fig. L (above). Stcmdord bed rail. Hg. 2 , (below). Attachment of standard side rail to 

bed lock. 

the foot of the bed. The two rails hold the head and foot of the bed in firm 
upright positions and also provide a support for the bed springs The standard 
metal bed side rails are made of iVi^intcih by 2^''mch by % 4 ^inch hot-'rolled 
rail'grade steel angles. The short leg of the angle is netted on each end (to 
clear the nvets that hold the locks to the bed posts) and shoulder head rivets 
are riveted in the long leg of the angle near eaA end of the rail, (See Fig. 1) . 
These rivets fit into the bed locks on the head and foot posts as shown in 
Fig. 2. 

The steel nulls had the necessary equipment for cutting the trimmings to 
siise and could then cold-form them mto various shapes. These shapes were, 
of course, limited to what equipment and rolls on hand as the mills could not 
increase Aeir facilities for non-war work. Had the trimmings been of sufficient 
diickness, a iV^-inch by 2|4‘'inch angle, the same leg dimensions as tffie stand- 
ard bed rail, could have been formed and this subkituted for the standard 
hot-rolled angle, but the available stock was so thin, an angle made of it did 
not have sufficient strength and would bend to the floor when used as a bed 
side rail. However, the steel mill did have rolls for shaping the metal in the 
shape shown in Fig. 3. Being a box section, this section had plenty of 
strength, but no place to fasten the necessary shoulder head nvet To over- 
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come this, the nvet was riveted into a flat plate of the same scrap steel and 
clectnc welded to the box shape To allow clearance for the nvets holdmg the 
lock to the post, the welded on plate was allowed to project past the ends of 
the box section. One end of the completed rail is shown in Fig. 4 

This new bed rail was approximately the same weight as the standard rail 
It was nice looking, satisfying to the trade, and was stronger than the 
standard hot^rolled angle. 

Before gomg mto the cost, let ns consider the changes m the spring bases 
and carry the two costs along together. 

The standard spring base for steebbase coil springs (the same base is used 
throughout the entire country with only very minor changes) consists of a 
ll^'indh by Ij^'inch by % 4 dnch angle bent to form a continuous frame 
and usually resistance welded. For a standard double bed this frame is ap- 
proximately 52-inches wide and 6 feet long. Eight or nine 52-indi cross slats 
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are riveted in forming a slatted steel base upon which to fasten the coils 
The cross slats are usually J/g'tnch by 1-mch hot^rolled rail grade steel bands, 
twisted at each end so that the onednch side of the band is vertical. Fig. 5 
IS a sketch of the standard frame. 

When the hot-rolled shapes were no longer available, and we started to 
design to use the trimmings, we found that the tnmmings shaped into a 
inch by lJ4unch angle was sufficiently strong for the one piece continuous 
frame, but that the same trimmings cut mto strips l-mch wide and used for 
cross slats like the standard y^dnch by l-mch hot-rolled bands did not have 
the necessary strength to resist bending We had the trimmings shaped mto 
ly^nnch. by V/^'mch angles which, of course, would resist a large bending 
moment These angles were then placed m crossways of the contmuous 
frame and welded m place, (See Fig. 6). (Note: A cross angle made of the 
tnmmmgs 1-inch by ^^-inch would have had sufficient strength, but the steel 
null only had rolls available for rollmg angles V/ 4 'mch. by ij/J-mch or larger. 
Conditions were such that you had to take what you could get and not 
what you wanted, or do without ) 



The welded side rails and the welded spring bases were both stronger than 
the standard design which they replaced. However, this extra strengA did 
not have any particular value to the manufacturer in that the standard design 
was strong enough for the purpose. In usmg angles of the tnmmings in place 
of the regular flats m the spring bottoms, and m usmg the box-section side 
rail m place of the regular angle, many more square inches of material was 
used m the welded design, but with this material only one-half as thick as the 
regular shapes, the total weight for the side rails was the same for both 
designs, while the spring base was shghtly heavier than the standard. The 
scrap steel was a mild steel having a higher base price than rail-grade steel 
and by the time the cost for cold-formmg Aese trimmings mto the shapes 
necessary to get the required strength, the material costs for both items were 
higher than Ae standard. 
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To cover the cost increases the manufacturer had to add 25 cents to the 
selling prices of the beds (20 cents additional material cost, 5 cents additional 
labor) and to the selhng prices of springs 50 cents was added (40 cents addi- 
tional material, 10 cents additional labor). Even with these increased prices, 
the manufacturer could not supply the demand since competitive manufac- 
turers were ceasing production for lack of their standard shapes. Of course 
these welded designs will be abandoned when the steel mills resume normal 
production, but for the present it is letting this manufacturer contmue pro- 
duction of a vitally necessary commodity that is going largely into defense 



centers for civilian workers. At the same time, the manufacturer is keepmg 
his plant in operation, keeping his old customers supplied with merchandise, 
and keepmg his employees at work. There is no economy at 25 cents and 
50 cents per item higher pnces, but when the demand cannot be met even 
at the higher pnces would there be economy m lettmg the plant and the em- 
ployees stand idle for lack of standard steel shapes? 

The changes to the two welded designs were earned on m the plant with 
the employees and equipment already on hand Of course jigs were made for 
both the side rails and the spring bases so that the individual pieces could 
quickly be placed m the proper positions and held there positioned for the 
easiest welding. Two jigs for each item were made so that one man could 
load and unload for the welder. 

After gettmg our jigs made we were able to maintain normal production 
of 375 beds per week and 475 bed springs per week, and the steel mill accumu- 
lated much more trimmmgs than we could use. 



Chapter IV — ^Welded Housings for Telegraphic Printers 


By Paul J. Birkmeyer, 

Engineer, 'Western Union Telegraph Co., J^ew Yor\, 7^. Y. 



Subject Matter: Designs of arc welded table and printer cover 
as separate units. These were replaced by an integral arc welded 
unit called “Printer Console’*’ combining the services of a table 
and machine cover and adding certain other features of which 
the maintenance shelf is important. Consoles are built for 
multiple copy printers. Statistics on costs show table and cover 
combination at $50 and arc welded printer console at $40. 
Number of printers in service is approximately 50,000. The 
value of the console should be considered in the light of many 
indeterminable factors such as appearance and space require^ 
ments, as well as noise reduction, utility, and pride and satis^ 
faction of the user. 


Paul J. Birkmeyer 


"'By Teletype'’ is a popular expression referring to the modern person to 
person, direct wire, printed communication, just as "by phone” has meant, 
for many years, the communication of the spoken word. However, while 
teletype is, to the printed word, just what the telephone is to the spoken, it 
is by no means so familiar as the ubiquitous telephone, and thus a brief 
description of the modern telegraph printer may be warranted. 

The printer is a machine similar to a typewriter, with a keyboard and 
printing mechanism including a typewheel or typebars. While the keyboard 
of a typewriter actuates its own typing or printing mechanism, the keyboard 
of a printer actuates the printing mechanism of a distant printer, by electric 
impulses sent over the line. As a convenience and means, of ready reference 
to the typist or operator, the circuit is generally arranged to produce a copy 
of the message being sent, on the home printing mechanism. 

Printer Console — -This paper refers in general to the design and cori^ 
struction of enclosures or housings for telegraph printers, and in particular 
to recent improvements in their appearance and utility by the introduction 
of the" "Printer Console”. The present printer console is a complete tinit 
housing, arc welded and constructed in accordance with modem design prac' 
tices. 

Printers are used in business organi2;ations, police and Federal Intelligence 
systems, military^, communications networks, news services and all other activi^ 
ties which may require rapid and efficient communication service in record 
form. In the past, these printers, of varying design, have generally been in- 
stalled on tables,, also of varying size and construction, as shown in Figs. 1, 
2 and 3. The printer is supported on a base with rubber mountings and 
enclosed inside a cover to protect the mechanism from dust particles. The 
inside of the cover is lined with acoustic padding to reduce to a minimurci 
the transmitted noise of the printer. 

Referring to Fig. 1, the table is of arc welded construction throughout, 
as is the printer cover. A plate for a signal light, power plug, line plug and 

^31 
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Fig*. L (lefl). Arc welded table and cover for printer. Fig. 2 , (right). Another printer with 

arc welded table and coiver, 

switch is shown to the left of the cover. A metal wiring cabinet for electrical 
equipment is attached to the under side of the table and protrudes through 
it, under the plate. For servicing the printer, it is necessary to remove the 
cover which, in crowded offices especially, proves somewhat of a nuisatice 
unless a special table is provided for the cover. 

Fig. 2 shows a printer which prints on a narrow strip of paper tape. The 
table in this instance is of steel arc welded construction, finished to reproduce 
popular wood graining. The printer shown in Fig. 3 is installed on a small 
wood table of the usual walnut or mahogany finish. In this case the wiring 
cabinet with a control switch is mounted under the table, while the signal 
light, power plug and line plug are mounted on the table top within the 
confines of the cover. 

Many thousands of printers have been installed and are in use today on 
tables of the three types shown. The tables were furnished as standard until 
early in 1940, and in some cases are still being furnished, due to shortages of 
materials required for the manufacture of printer consoles. It will be noted 
that modern arc welding practices were followed, especially in the constfuction 
of the table and cover shown in Fig. 1. 

In appearance, the tables and covers do not form a harmonious whole, as 
a combination of separate parts, each part for its own specific purpose, in' 
variably produces a stilted or “built'up” impression. It was to overcome this 
stilted appearance, as well as to conform with modem design of furniture 
and fixtures, that the printer console was introduced early in 1940. It is 
shown in Fig. 4 in normal operating position, and in Fig. 5 with doors opened 
and the printer placed on a maintenance shelf to facilitate servicing. All 
auxiliary parts required for operation, including wiring cabinet with signal 
Eght and switch, printer base and paper roll, are enclosed within the console. 

The console is constructed primarily of 14-gauge cold rolled steel, stretcher 
leveled. It may be noted in the pictorial view that arc welded construction 
is employed throughout. Welds along surface joints or seams are continuous. 
On flat surfaces, they are ground smooth. Along contour edges or corners. 
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all welds are carefully ground to a uniform radius to match adjacent bent 
steel sections. Inside joints are secured by tack welding or short arc welds at 
spaced intervals. Auxiliary steel parts such as hinges, channels, angles, straps, 
tubes, etc., are attached in like manner. 

The maintenance shelf shown in the sectional plan view of the drawing 
consists of a rectangular pan with sides and bottom flange welded at the four 
corners for rigidity. The pan is fastened to the under side of the front apron 
by a continuous hinge. It is supported in open position by telescopic square 
tubes angularly spaced, with the outside tubes welded to the pan and the 
inner tubes extended and braced against the side walls of the console. To 
close the shelf, the inner tubes are released from the side wall pin catches 
and telescoped within the confines of the shelf, which is swung into position 
under the deck of the console and held by a catch, 

A wiring cabinet of arc welded construction is mounted on the thick 
wood deck as shown in the partial view. It is mounted to the wood deck in 
order that it may be readily removed to allow for variations in the auxiliary 
wiring material depending on the electrical requirements of the circuit. The 
thick wood deck provides an effective barrier to the transmission of noise. 

The construction methods indicated on the drawing are those preferred in 
several well equipped sheet metal factories. Alternate methods of construction 
and attachment, especially with reference to parts inside the consoles, may 
readily be employed as dictated by the machinery at hand and the number of 
consoles involved in specific orders or contracts. Consoles are subject to minor 
variations to meet the different printer and operational requirements. Orders 
for consoles have accordingly been limited to quantities of 300 to 500. 

Console for Multiple Copy Printers — ^The console and tables described 
in the preceding paragraphs are used with printers producing single copies, 



Fig. 3/ (left). Table ond cover ior installation in limited space. Fig. 4> (right); Modem 
printer console arc welded thronghout. 






Fig* 5. (left). Arc w^Wed printer console in open position. Fig. 6, (right). Table and cover 

for multiple copy printer. 


the paper being fed from a roll. By the addition of an attachment known 
as a sprocket feed, multiple copies on carbon are produced. In this instance, 
the paper is stacked in fanfold as shown in Fig. 6. The table is identical with 
that shown in Fig. 1. The use of another addition to the table and cover 
combination, amplifies the “built-up’’ impression produced as of a home made 
or temporary expedient. 

A console for multiple copy printers is shown in Figs. 7 and 8, front and 
rear views, respectively. It is similar to that shown in Fig. 4, with the except 
tion that a compartment for fanfold paper has been built into the body. This 
compartment has a door in front as well as in the rear to facilitate loading, 
especially in cases where the console is placed against a wall. This console, 
compared with the single copy printer console previously described, demon" 
strates the flexibility in shape and dimensions attainable in arc welded con" 
struction. No expensive dies are required to provide such variations as the 
characteristics of the machine or the requirements of the user may suggest. 

A Product of Industrial Design — Industrial design, an activity utilizing 
modern design and construction practices {in many cases arc welded con" 
struction), has produced effects popularly (but in many cases improperly) 
described as ‘“‘streamlined’”. The value of such designs in the construction of 
many articles, used in business and in the home, has been clearly demon" 
strated in sales appeal. 

While the limits of industrial design are indefinite and subject to personal 
interpretation, the printer console could readily be considered within the 
limits of such design. It is constructed as a unit to^ dimensions and contours 
to meet the physical and mechanical requirements of the machine it serves. 
Of utmost importance, however, have been the requirements and desires of 
the user. 

The importance of arc welding procedure, in providing finished unit steel 
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products sucli as consoles which mtist be flexible in matters of si 2 ;e and con- 
tour, cannot be overemphasis^ed In fact, it would be impractical to consider 
construction in any other manner. In consideration of the clean, effective 
lines and finish, it may not be amiss to call attention to the absence of any 
unsightly screw heads or rivets, which may be verified by a glance at the 
photographs. As a matter of mformation, console installations may be seen in 
practically any city of importance in Ae country. 

Statistics 

A. Record of Comparative Costs*** 

Table and Cover Combination 

Table Framework $10 00 

Table Top-Plywood with Phenolic Fiber Surface 5 00 

Printer Cover 12 00 

Prmter Base with Rubber Mountings and Cover Support 

Plate 7.00 

Wiring Cabinet with BGnged Access Door. 4.00 

Top Plate for Wiring Cabinet (Special Bakelite) 2 00 

Bracket for Paper Roll 1 00 


Total Cost of Parts 41 00'*' 

Assembly Cost (not reqM with console) 6 00 

Additional Shippmg and Handling Costs (estimated) 3 00 


Total Assembled Cost (not including printer and as- 
sociated electrical equipment) $50 00 

This figure ($50) does not include a maintenance shelf or other 
means for holding the printer cover during periods of maintenance. 

Printer Console 

Console, complete with maintenance shelf, printer base, wir- 
ing cabinet, roll bracket and all items with the exception 
of the prmter and assoaated electrical equipment and 
comparable with the assembled cost of table and cover 
combination — $40 00* 

* These costs (cents omitted) arc taken from contracts placed for 
these Items in 1940. They represent the delivered price to the buyer. 

The delivered cost of the console ($40) includes many items extraneous 
to arc welding. For purposes of information and to place arc welding costs 
in proper relation to the total cost of a console, average breakdown costs as 
prepared by manufacturers have been studied. Based on 20 per cent gross 
profit but not including factory overhead and incidentals, the cost of manu- 
facturing complete consoles packed for shipment amounts to 80 per cent of 
$40, or $32 each. Of tibe $32, tiie cost assembled m place of parts and material 
extraneous to arc welding amounts to $17. Such parts and matenal includmg 
labor, include plastic window, maintenance shelf, wiring cabinet and plate, 
printer base and rubb^ mountings, wood deck, acoustic padding, rubber and 
fdt parts, hardware, baked crinkled finish, name plates, packing for shipment 
and minor incidental parts and material. 

It is interesting to note that the cost of manufacturing the bare steel con- 
sole proper, as shown in the pictorial view of the drawing, amounts to less 
tiban ban of the total cost, or $15. Of the $15, the cost of the steel, includmg 
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Kg. 7. (left). Console for multiple copy printer. Fig. 8 (right). Rear view of console for 

multiple copy printer. 


wastage, amounts to approximately $6, allowing approximately $9 for blank" 
ing and forming the parts and assembly by arc welding and grinding of all 
exposed welds. 

B. Printer Installations 

Installations in customers’ quarters by various companies may be tabu" 


lated as follows: 

American Telephone & Telegraph Co. (TWX Service) 14,863* 

American Telephone ^ Telegraph Co. (Private Lines) 7,281* 

Western Union Telegraph Co. (Tie Lines) 13,600** 

Western Union Telegraph Co. (Telemeter Service) 1,200** 

Postal Telegraph Co. (Tie Lines) 6,983** 

Associated Press, estimated 1,500 

Other Privately owned systems, estimated-. 1,000 

Estimated Growth for 3 companies since 
Reports to F.C.C 3,500 


Total Printers in Service (partly estimated) .. 49,927 


*From Report to Federal OJoinmunications Commission, December 31 , 1940 . 

**From Report to Federal Communicatiom Commission, December 31 , 1941 . 

Conclusion — Improvements in arc welding procedure or in the art of 
arc welding are of tremendous value economically and socially in normal 
times. In these war times, improvements are of incalculable value from a 
military standpoint. Of equal or of even greater value are improvements in 
design for arc welding. The^ printer console as described in this paper is 
respectfully submitted for consideration in the category of improvements in 
design. 

Referring to the Record of Comparative -Cpsts, we note that a console, 
which is the modern iinproved design for a printer housing, actually costs 
$10 less than a combination of table, cover and other associated parts to serve 
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the same purpose. This simple comparison of costs, however, does not portray 
a true value of the design in its broader aspect. A printer represents an in^ 
vestment of hundreds of dollars and considering its wide usage in well fur^ 
nished offices, it should merit an attractive housing in keeping with its 
surroundings. It is always difficult to place a monetary value on improvements 
in appearance of equipment, especially the equipment of service companies, 
which is normally not for sale. If, however, the printer in console may be 
considered a DeLuxe model of a separate table and cover combination, the 
improvement in design should reasonably be valued in multiples of the actual 
$10 saving in cost. 

From the record of installations, we note that approximately 50,000 
printers are in use in customers’ offices. Of these installations, approximately 
1,500 are enclosed in consoles. Additional installations are being made regu^ 
larly dependent on the availability of steel. 

As previously discussed the actual monetary saving on each console is $10, 
the reduction below the cost of its predecessor, the table and cover combina' 
tion. The use of the console for each of the 50,000 printer installations 
would result in a cash saving of half a million dollars. The value of the 
console as an improvement in printer housings should, however, be con^' 
sidered in the light of many indeterminable factors such as appearance and 
space requirements, as well as noise reduction, utility, and pride and satis- 
faction of the user. All of these factors have a direct bearing on the accuracy 
and efficiency of the operator, and far overshadow the half million dollars in 
cash saving. The value of the console may therefore be considered in terms 
of millions of dollars. 



Chapter V — Pipe-Frame Office Chair 
By Eldridge T. Spencer, 

Architect, Sdn Francisco, Ccliforniti. 


Subject Matter: An office chair which was functional and mod- 

em in appearance, adjustable in height and back guppor^ 
movable, compact and economical in maintenance was desired. 
Designed by the author, the framework was made arc welded 
steel pipe. The back is on swivel joints so that it follows the 
body in leaning or straight position. The seat height is 
able by moving it back and forth as is done on automobile 
seats. The frame is mounted on rubber casters. Appearance is 
definitely functional. Seat and back are upholstered over foam 
rubber and, hence, can be re-'upholstered when necessary. The 
back is mounted off center so that adjustment is made by merely 
rotating it through 180 degrees. 

Since the chair is not to be carried, the weight of the steel over 
lighter metal added stability. In the 1941 chair of similar de** 
sign, the rear leg, arm and back support was one piece of bent 
pipe. Bending cost $2.00 per leg. In new design by using 
straight sections and adding two welds, the cost of welding was 
50c per leg. An estimate of 15 per cent saving by using arc 
welding is made. The chair meets all the original requirements. 

Design — ^When a certain corporation finished its chemical industrial plant 
in California in 1941, the owners began looking for a chair that they could 
use in their administrative offices. These were housed in a completely func' 
tional, modern streamlined building. The chair was to be used at long 
stationary desks fitted with demountable extension wings. It was to be 
adjustable in order to accommodate slim girls as well as two hundred pound 
men. Since men and girls often changed places all adjustment was to be 
quickly made. In addition the chair was to be easily movable from side to 
side and back and forth to allow for work at the desks when the extension 
wings were in place. For economy of space the chair was to be compact. For 
economy in cost it was to have no extraneous detail or ornament. For 
economy in maintenance it was to be durable and the parts easily replacable. 

When the corporation failed to find a chair that fulfilled these require^ 
ments they asked the architect of , their plant to design one for them. The 
architect, the writer of this paper, designed not one but two. It is the 
second of these, or more accurately speaking, the pipe frame of the second 
which is entered in competition. After experimentation it was decided that 
the easiest adjustment to make for height of occupant was the backward 
and forward sliding adjustment of seat that is used in the driver’s seat of an 
automobile. Therefore the seat was made to slide on the two side pipes of the 
supporting frame and held in place by means of a butterfly nut. As in an 
automobile this adjustment could be made while sitting in the chair. 

An, adjustment of the back was made also, both for height of occupant 
md for posture. In recent years employers have become aware of the 
mportance of posture particularly in the case of sedentary workers whose 
posture depends largely on the chair provided by the employer. For good 
Dosture the back of the occupant must be constantly supported in an uori^ht 
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position. This means that the angle of the chair back should change as the 
occupant leans forward or back. In the chair under discussion a straight 
back revolves on a swivel joint nine inches above the seat of the chair. As 
the occupant leans forward the back follows and vice versa. Furthermore, 
though the back is symmetrical top and bottom, the point at which it swivels 
is offset one inch from the horizontal center. This makes it possible to raise 
or lower the top of the back two inches simply by revolving it one hundred 
and eighty degrees. To add comfort to good posture seat and back are 
cushioned with two inches of foam rubber. 

The chair is compact. The arms extend only ten and one half inches 
from the line of the back, far enough to give support and not far enough to 
interfere with easy access to the lower compartments of the desk. In fact 
all parts of the chair are made as small as their proper functioning permits. 
Front legs are perpendicular and set just back of the front line of the seat. 
Rear legs which extend upward to support the arms are snubbed in at the base 
so as not to occupy too much space. So that the chair may move easily as 
the occupant turns from side to side or pushes back, it is fitted with two 
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mcli commercial rubber casters which roll noiselessly over a smooth concrete 
floor kept at a comfortable temperature by radiant heat. 

In addition to being easily movable, compact, comfortable and easily 
adjustable thus fulfilling the requirements of function, the chair, (See Fig. 1), 
fulfills other requirements of good industrial design, namely that materials 
be used efficiently and frankly and that good engmeermg be synonymous 
with good esthetics. 

Ckinsidenng first the use of materials, the frame only is of pipe chosen 
for strength and availability The frame has no moving parts The frame 
is a good example of precision design made practicable by arc welding assem^ 
blage It IS the frame that is the subject of this paper The seat and hack 
are of plywood chosen for relationship of strength to weight and si2;e and for 
ease in cutting Seat and back are cushioned in foam rubber chosen for 
comfort and simplicity of assemblage and upholstered in mohair frise chosen 
for durability and considered preferable to leather or fabncoid since mohair 
decreases wear on clothes and does not tend to stick in hot weather. Arm 
rests are of wood used because wood is warmer to the touch than is metal 
The chair could be complete without casters 

Considering the requirement that good engineering be synonymous with 
good esthetics, the chair has style That which has given it style more than 
anything else is the solution of the problems of manufacture and the use of 
arc welding Indeed, without welding, it would be impossible to realise the 
full engineering and style possibilities of the pipe. For comfort, the arms, 
at the point where they are supported by the rear legs, are three inches 
further apart than are the legs where they meet the floor For facihty of 
manufacture, rear leg, arm support and back support are on one plane so 
that the pipe can be placed in a jig and quickly tacked by arc welding. This 
being the case, as legs are brought together at the floor arms slant outwards 
giving the chair an mvitmg air. 

The definition of planes is made as precise as possible and the number 
of planes reduced m the interest of fabrication first and of style its inevitable 
counterpart second. The planes are six those of the rear legs, arms and back 
support, that of the rear legs and stretcher, introduced for strength but coii' 
tributing to style, the plane of the back, the plane of the seat and the plane 
of the front legs 

The pipe frame has a baked enamel finish The walnut arm rests a varnish 
finish over bleach to harmonise with the wood of the desk tops. These high 
polish finishes are durable, easy to mamtam and contrast pleasantly with the 
texture of the mohair back and seat. The pattern of the upholstery is geo^ 
metncal and appropriate for a chair whose style depends on precision 
engineenng It is based on diagonals and reali 2 ;ed in texture rather than 
in color Color, both of mohair and of pipe is a slightly grey Copenhagen 
blue, the same color that is used on the steel sash of the windows of the 
offices where the chair is installed 

Fabrication — ^The frame of the chair is constructed of three quarter inch 
commercial steel pipe chosen for its strength and availability At the time 
of fabrication there was thought of using tubing However this was not 
obtainable To the delight of the designer, the weight of the chair, thirty 
pounds, has given it stability and reduced the ha5;ard had a lighter tubing 
been used of the chair skidding out from under its occupant Furthermore, 
since the chair never has to be lifted, the weight is in no way a detriment 

The chair has eighteen welded jomts, all of which join only two pieces 
of pipe, never more, to simplify fabrication For example front support of 
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Fig. 2. Details of chair frame, 1941 and 1942 


chair seat joins with side supports just back of joint of front leg with side 
support From the point of view of fabrication, design and style the most 
interesting part of the chair and of the chair frame is the rear leg, arm and 
back support The four pieces of pipe forming this member were placed 
in a nght hand jig, tacked with an arc weld, then placed in a left hand jig 
and tacked again Once these members were assembled they were held in 
place with spacers and the back support of seat and the stretcher welded 
in place The whole design of the chair depends on the accurate ahgnment 
and ngidity of this portion of the frame, for the frame, at the points of sup' 
port of the revolving back, must not only be strong but must never vary 
in width To prevent any tendency of these points to sprmg apart the back 
stretcher was introduced To secure speedy and perfect ahgnment arc weld' 
mg was necessary. 

As was stated earlier, two chairs having the same functional requirements 
were designed for the Corporation, the first in 1941 and the second in 1942, 
(See Fig 2) . The chairs were identical except for the form and construction 
of the rear leg, arm and back support, which in the 1941 chair consisted 
of a curved pipe as shown in the drawings In the 1942 chair, costs were 
cut and time of fabrication reduced when the curved pipe was replaced 
by straight pipe and two additional welds 

Bending pipe in the 1941 chair cost $2 00 per rear leg, arm and back 
support The additional two welds in the 1942 chair cost $50 The diT 
ference, $1 50 per rear leg, arm and back support or $3 00 per chair is the 
savings'made by the change in design and fabncation As the pipe frame of 
the 1942 chair cost $15 00, this savings amounts to 20 per cent An additional 
savings of 28 per cent was made in the time of fabncation as the 1941 chair 
frame havmg curved pipe was more difficult to assemble It is interesting 
to note that the improvement in the 1942 chair was due to lack of equipment 
to build the first chair as the pipe bending machine used m the fabrication 
of the 1941 chair, in 1942 was m use in the airplane industry The result 
was a better, cheaper chair that could be fabricated in any shop equipped 
with a pipe cutting saw and an arc welding outfit 

It is difficult to estimate the total annual gross savings accruing from the 
use of arc welding by the company which produced the chairs or the total 
annual gross savings accruing from arc welding in industry in producing 
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chairs of this type. The company, the manufacturing company, cannot now, 
on account of priorities and restricted use of critical materials, continue pro- 
duction. Furthermore this chair could not have been produced at all had it 
not been ordered by a firm engaged in war industry which had a high priority 
ratmg applicable to the purchase of equipment at the time the materials used 
in the chair were purchased 

It is possible to estimate in percentage the savmgs made in the manu- 
facture of this chair by means of arc weldmg over its possible manufacture 
by some other reasonable means of manufacture such as acetylene welding 
Were the assemblage of the frame by arc welding abandoned for its assem- 
blage by acetylene weldmg it would be necessary to clamp the pipe mto 
a form before welding This would be a more time consummg process than 
that of placing the pipe in a jig and would add approximately 15 per cent 
to the cost. Or saymg it the other way around, the savings accrmng from 
the use of arc welding in the production of the chair can be estimated at 
15 per cent 

Advantages— The chair is an exceedmgly durable structure Its pipe 
frame should last as long as the concrete and steel buildmgs which compnse 
the plant where it is installed Strength of the pipe makes elimmation of 
stretchers possible, which m turn makes movement of occupant easy, faal- 
itates janitor service and dustmg, and decreases destruction of silk stockings 

The chair is easy to mamtain Parts most subject to wear are simple 
to remove and replace, for example, casters, arm rests, seat and back. They 
are also easy to reproduce or to reupholster Actually the mohair on the 
seat and back is an exceedmgly durable fabnc so that reupholstenng should 
not be necessary for many years 

The chair is very simple to produce In the normal market all of the 
materials used are quickly available Furthermore, as the pipe frame can 
be assembled without the use of heavy pipe bendmg machinery, it is a 
product suitable to produce in small shops At the same time, its adaptability 
by means of easy adjustments makes it a product suitable for large scale 
production. 

The chair’s adjustability to size of occupant and the good posture it tends 
to enforce give it great social advantages Good posture is a necessity of good 
health and especially in the case of the sedentary worker tends to elimmate 
fatigue. Elimination of fatigue means greater working efficiency and an 
enormous saving m man hours This saving and all the other advantages 
of the chair may be considered a result of arc welding, the method by which 
the pipe frame was assembled and the most speedy, economical and prac- 
ticable method of such assemblage. 

General Data — ^The chair frame which is the subject of this competition 
IS made of commercial steel pipe assembled by arc welding It weighs sixteen 
and three-eighths pounds It cost $15.00 Due to a shortage of matenal 
only twenty-four chairs were manufactured. This chair frame was designed 
by the autW for the Turlock, Cahfomia Plant of the Chemurgic Corpora- 
tion It was fabricated following full size drawings supplied by the author 



Chapter VI — ^Welded Display Holder for Primed Matter 
By Victor Paul Weidner 

Engineer, Western Union Telegraph Company, T^ew Tor\, 7^ T 



Subject Matter. Holder so designed that printed matter will not 
droop quickly Photographs and prints of a wooden, a plastic 
and an arc welded unit are included A companson chart pre^ 
sents the essential features lather uniquely 


Victor Paul Weidner 


Prior to 1940, holders to display printed matter were made of wood but 
were considered unsatisfactory because of their high upkeep. To replace 
these, the author substituted a new design to be molded from plastic, hoping 
that this type would be a better solution but the experiment was not quite 
feasible F^urther research was earned on which resulted in the design of a 
metal holder. This last type has been selected as the subject of this paper. 

During the period in which the final design was imder consideration it 
was discovered that curving the front faces of the holder helped to stiffen 
the printed matter which heretofore had had the tendency to droop at the 
top, thus hiding its caption line or title. This drooping effect had been 
caused by the action of humid weather on the paper stock or after bemg 
displayed for a short period of time 

Ten test models were fabricated for our exhibits at the 1940 New York 
World’s Fair where they were subjected to every kind of hard service. These 
models were made of sheet brass with bra5;ed joints and were chromium, 
plated for show purposes. This model proved too expensive to make up in 
large quantities, therefore, it was deaded to use sheet sted. As this holder 
was^ to be the first metahtype equipment to be mstalled on the counters iii. 
the* company’s branch offices, its appearance was an important factor. All 
joints had to be neat and cleandooking and no hasjards were to be reckoned 
with under usage by our customers. Welded seams ground off smooth or 
to a small radius were then specified on the drawings. The design has been 
standardised for general use and is stocked at our company warehouses 
throughout the country 

The Comparison Chart — ^All mformation that is necessary for the proper 
comparison of the three types of holders has been entered on the accom^ 
panymg ‘‘Comparison Chart”. It is hoped that this method of illustration 
will facilitate the analysis of the paper There have also been included four 
photographs, Figs 1, 2, 3 and 4 showmg the 3 types 
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There al&o was a certain amount of 
money saved on printed matter because 
the curved front helped it to retain its 
shape, thus making it usable for display 
for a longer period of time 
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(lelt to right): Rg. L DispicY holder, -wooden type. Fig. 2. Display holder, plastic type. 
Rg. a. Display’ holder, metal type. Fig. 4. Display holder, welded type. 


Further Uses— This display holder while primarily designed for the use 
of telegraphic blanks, can also be used for the display of other types of 
printed matter, such as railroad time tables, air transport schedules, hotel 
reservations and for sales information for department stores. 

If built in size on a somewhat larger scale, current issues of magazines, 
tabloid newspapers, sheet music and similar items could be displayed in a 
neat upright manner without the wilted'flower effect so many of them get 
after being on display for a short period of time. 

Conclusion — Our company has found that the process of arc welding 
has assisted our work in the following ways: 

1. It has helped us create a welhstyled commodity which has enhanced 
the display of our advertising matter. 

2. It has helped keep this material in good shape for a longer time than 
the older types of holder, thus saving some money when we discarded 
decrepit looking matter. 

3. It has been a vital factor in lowering the cost of the holders and yet, 
at the same time, making them more durable. 

4. It has helped eliminate those small personal hazards of splinters and 
scratches which have always been so objectionable from our customers’ view- 
point. 


Section VII 
Commercial Welding 


Chapter I — ^Developing and Conducting a Commercial Welding 

or Job Shop 

By Fred H. Drewes 

Welding Engineer, W. P. Thurston Co., Engineers and Contractors, 
B^ichmond, Virginid 



Subject Matter: A thorough discussion of all the items that 
should be considered in establishing and maintaining a shop. 


Fred H. Drewes 


Plant Layout, Design and Equipment — Erecting and eqiaipping a new 
welding shop represents the largest single investment the average commercial 
welder will make in a lifetime. So out of respect to cost, if for no other 
reason, the undertaking demands thorough study. Every single item, large 
or small, deserves careful and deliberate planning. Each detail, no matter 
how insignificant it may first appear, contributes to the total cost of the 
tmdertaking. In the final analysis, it materially affects the efficiency, the 
economy, the coordination of the finished shop when the construction men 
withdraw and the equipment is put in motion. 

Whatever may be the size or thoughts in regard to the intended shop, 
the small items should be watched from the start. Since the principal objec' 
tive of the new shop, or as is often to be referred to in this paper as ‘the 
new plant’ because it is the new plant of the commercial welder — ^to fulfill 
a definite need, every single provision in the plans — every little item or 
detail- — must contribute toward meeting that need. _ 

Those in constant contact with plant layout and design discover that the 
safest way to avoid errors is to plan correctly from the very beginning. The 
starting point is the need for the new plant or shop. 

First, it shotJd be necessary to determine that the present shop— meaning 
machinery, equipment, and building — ^is worn out. 

Second, establish that it is a fact that the business has outgrown present 
facilities and quarters and demands expansion. 

Third, that it is a fact that the old shop and property are outmoded 
and consequently a detriment to future growth of the business. 

54'7 ' 



Fig. h Compact orrangemeni of Job woldhig shop^ moln floor. 


Having established that a new ‘home’ is necessary for the business, it 
should then be fixed in mind and on paper as to what type of building and 
where located to make for simplicity of operation, ejficient and economical 
production. The routine, then, is one of seeking the counsel and assistance 
of. . . . First, capable mmds within the industry whose duty it is to advise 
commercial welders and job welding shops for the specific purpose of im^ 
proving and expanding present shops or building new shops. They are found 
among the equipment houses and manufacturers of the equipment used in 
arc welding. Second, capable architects who have had experience in and 
who have made a study of plans for job welding shops. An architect schooled 
in industrial plans such as those required for job welding shops is essential 
in completing the undertaking 
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Selecting the Plant or Shop Site — ^After viewing the contemplated under^ 
taking stnctly from the practical angle, follow through from start to finish 
on the same practical plane Select a number of possible sites for the location 
of the new shop Analyze each one from every conceivable standpoint in 
relation to its contribution to the efficiency, economy and value to the 
business 

1 Is the site suitably located with respect to territory served? Is it near 
the center of distribution^ 

2 Is the plot of ground level, sloping, hilly, of good foundation, suf" 
ficiently large to permit future expansion and to permit present landscaping?* 
Will it accommodate the type and size of shop desired^ 

Without forethought and careful planning, it is possible to spend $50,000 
on a plant or shop and not have the shop that is wanted, while $30,000 will 
answer every smgle need if spent wisely. The degree of plannmg necessary 
must spring from the ground up — from the actual selection of site after needs 
have been defined 

There are other considerations essential to selection of the proper site 
and to the type of bujldmg conceived For example both the propnetor and 
the architect must know such details as how many streets adjoin the lot. 
If two streets, where are they — one m front and one across the back? Or 
is It at an intersection^ Is there an alleys What types of business are operated 
on either side and in the rear? What'*s across the street m front of the site? 
Is It a residence or a business^ Is the site m a residential section or strictly 
an industrial zone^ All these factors govern initial conception of the type 
of plant to be erected, and they have definite relation to the cost There’s 
one other consideration* When buying a new site, it is well to remember 
that the erection of the new plant will enhance the value of the surrounding 
property The job welder is not m the real estate business, but if adjoining 
property is available at reasonable cost, often it is a good investment to tie 
It in with the purchase of the plant site It can be sold off later at a profit 

City zoning ordinances should be examined before buying the property. 
There may be certain restnctions that would prove disastrous The architect 
IS probably familiar with zoning laws as well as building codes and insurance 
requirements, and the architect should be consulted on these points. 

Plannmg the Building — ^After detail requirements have been provided 
for and the site selected, the next logical step is to commence planning the 
building Here, too, the procedure is from the inside out, not from the 
outside in Design and appearance come second First, visualize the needs 

Visualizing die New Shop — ^The only proper way to arrange a positive 
conception of the undertaking is to work it out roughly on paper Draw 
the lot lines, then fit the building mto a given area within these lines. In^ 
dicate wall arrangements showmg division of offices, the shop proper, storage 
spaces, and other desired arrangements. Indicate loading areas and openings 
With colored penal, spot the various pieces of equipment and machinery, 
showing spacmg arrangements, workmg areas and aisle space 

The Movement of Materials — ^Having made the initial rough plans, the 
next step is to study the movement of materials into and out of the shop. 
Indicate on the plan the spot where they are to be unloaded, carried into 
and stored in the shop If there is any congestion due to limited aisle space, 
this should be eliminated and will likely call for slight revisions m the plans 
Any congestion causes delay m the movement of materials, and this delay 
slows down work in the shop 
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Call in the Architect— The rough plan, naturally, cannot be turned over 
to a budding engineer or contractor It is time now w call in the arcmtech 
who IS to work out details of the construction A capable, ^ 

is an essential at this point He knows the 'l _ details 

materials, local building restnctions and requirements, and 
of architectural engineering to such an extent that he can save monj many 
Les m excess of the fe5 that he will charge The architect c^not be 
expected to interpret desires or problems of the individual job welder, there 
to lay before hrm comfJeK deoils of foe pl“» “5^% 
conceived for foe type of buildmg des^. He camot be Mpecttd to 
familiar with intimate peculianties of the weldmg business, even if he has 
studied it, for each mdmdual shop and job welder 

lems Give him the rough plans and the benefit of full counsel Caution him 
guide him, and at the same time listen to the architects advice. If the 
^hitect’s plans are fitted specifically to the needs— the practical require' 
merits — a coordinated plant will be assured. 

Other Considerations— Now that the architect has been called m, the 
practical procedure cannot be dropped A plant or shop.that is to be a succ^s 
from the construction angle requires follow-through on the part of the 
management, and this follow-through must be applied to numerous other 
considerations in order to guard against shp-ups in little details that will 
occur despite carefully thought-out plans initially. These other considerations 
are touched upon very briefly under the following subhead classifications 

Structural Frame— Reinforced concrete or steel may be used With 
reinforced concrete, the columns and beams and girders are or poured con' 
Crete with steel remforcing Floor slab is concrete with clay tile m the 
offices In the shop the floors are the same as for the concrete frame in 
some of the smaller plants, roof framing is done with wood 

External Appearance— The buildings external appearance should be in 
harmony with surrounding buildmgs Regardless of location, certain funda' 
mentals apply* Clean, neat appearance of the building, well landscaped yards 
and spic-and'span ddves. Have a show window— show the public what s 
going on inside, behind a large plateglass window. These inttmate details 
should be provided for in the final plans submitted by the architect As to 
design, exterior walls may be of bnck or a combination of brick and 
load-bearing tile. Regardless of the practical arrangements planned for de' 
partmental and mechanical coordination of the plant inside, the appointments 
can be made attractive and pleasing, and should tie in definitely with impres' 
sions conveyed by the external appearance 

Interior Finishes — ^For the shop, stock rooms and storage spaces, the 
floors should be troweled cement The office portion of the buildmg may 
be finished as simply or as elaborately as the owner desires A happy medium, 
for finishes m this portion of the buildmg seems to be plaster walls and 
ceilings, terra2;s;o or asphalt tile floors, wood trim and wood doors The 
owner’s office may be paneled with wood, or Flexwood, at no great cost, and 
depends upon the owner’s desires or tastes 

The proper location of the offices, so that they are easily accessible both 
from the street and from the mterior of the shop, is not a difficult problem 
If possible, the intenor of the shop as well as other areas of the building, 
should be visible from the management’s office through spacious wmdows 
Sometimes it is advisable to arrange this visibility from the foyer, if one 
is provided, so that visitors may view the intenor 
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The lobby and general office may be one large room divided mto units 
by high counters A small fireproof vault adjoining the general office is 
desirable, and is relatively inexpensive. Extra office space, rest room facilities 
for office employees, and meeting room might also be provided. The assembly 
room should be large enough to accommodate every member of the organisa- 
tion, and should lend itself to meetmgs and classes 

One of the common faults in shop construction is failure to build the 
floors with proper slope and of proper matenal Drams are essential. Floor 
drams complete with strainers and traps are preferable, the pipe havmg 
a diameter of 3 inches and constructed of extra heavy metal to resist corro- 
sion Adequate slope is essential to all dram Imes so that stagnation may be 
avoided Drams are preferable to gutters 

Walls and Ceilings — Clearance between machinery and walls and ceil- 
ings IS important, and sufficient clearance must be provided for in the plans. 
All machmery and equipment must not be less than two feet removed from 
walls Alleyways and working aisles between equipment and walls must 
be not less than three feet wide 

Location of Equipment — Proper location of equipment is important to 
the efficiency and economy of the plant Correct placement with minimum 
lost motion between correlated units provides close control over handling 
operations and enables management to prevent cross traffic and avoid bottle- 
necks m operation. 


OUR DESIRE IS 

To serve with Justice and 
integrity those whose property 
has been entrusted to our oare« 

To take no unfair advantage 
of our customers. 

To support right principles 
and oppose bad practises in 
workmanship. 

To develop character, ability 
and knowledge in our employees. 

To value honor above profit. 

Thus to be faithful to our- 
selves and to those we serve. 

YOUR WELDING SHOP 
1625 N. I/Aln St. 

DIAL 3-450 
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Hearing, Plumbing, Ventilating and Electric Wirm^These items usu' 
ally fall under the head of miscellaneous equipment The heating ot the 
shop is usually done with a low-pressure steam or vapor system In some 
of the larger job weldmg shops closely allied or in the same buudmg with 
a large machine shop, high-pressure boilers are used but a low prepare boiler 
will handle the majority of plants Unit heaters, whi^ are efficient and 
economical, are usually used in all spaces except in the office w ere ra la ors 
are usually employed. Some type of automatic finng should be used even 
in the fimall plants. This firing may be done with a mechamcal stoker if coal 
IS used, or an automatic oil burner if oil is used. Of course, if gas is used, 
the firing is automatic. The plumbmg can give more trouble or more satis- 
faction than any other one item To start the plumbing system use 

a large incommg Ime from the aty mam. Even the smaller shops should not 
use anythmg less than a two-inch hne Check the aty water pressure and 
if found too great for ordinary fixtures, install a pressure reducmg valve 
on the lines going to the ordmary fixtures , » , ^ i 

Grood fixtures and plenty of them are needed A lot of time can be 
wasted around a shop by connnually working on fixtures, and by employees 
waiting around toilets and locker rooms. 

In water supply hnes and heatmg lines, galvanized steel pipe, wrought 
iron pip^s brass pipe may be used. Cast iron is used for sanitary 

sewer lines The building codes should be consulted for weights and all 
requirements for plumbing 

The ventilating system is another part of the mechanical equipment that 
should receive careful attention. Provide suffiaent windows for natural 
ventilation Toilets, if placed inside, can be ventilated with rotary roof vents. 
If the boiler room is placed below grade, thereby ehminating window vents, 
a Rmall fan can be installed m the boiler room to force the air out at any 
given point. 

Every shop must provide for adequate wash room and toilet facilities. 
Provisions can easily be made in any completed plans for the necessities. 
Looker rooms or locker space for the shop men can easily contain toilet and 
wash room facilities, located ofF storage areas. 

Loading Facilities — One of the weak points in plant and shop construc- 
tion in recent years has concerned unloading and loading faalities. It is not 
uncommon to find a welder who is losing hard-earned money in lost motion 
in the distribution system simply because of lack of proper unloading and 
loadmg faalities. The movement should be straight-lme, from unloading 
area to loading area, or from truck to platform level and then ramp to 
ground or floor level No matter how sm or how large the shop, faalities 
can be properly planned to save truck time, wasted motion, and eliminate 
cross traffic in the shop The shipping and receiving platform should have 
a roof over it, and the edge of Ae platforms should have V 2 of ^ 6-inch 
pipe embedded m the concrete at the point of pounng. This pipe forms a 
round guard that will not cut tires. Full consideration must be given loading 
and unloading provisions in the plans for the new building and 'home’ for 
the commercial welder or job shop. 

Drives and Garaging — ^The lay of the lot and type of building governs 
driveways almost entirely. One driveway employing one gate or opening 
both for entrance and exit is all that is necessary. 

Garages may be divided into two main classifications — ^the individual 
garage and the group garage The individual garage can be located apart 
from the main bulling m temperate climates where wmters are not too 
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severe. The group garage, housing the trucks and other company cars in 
a common space, can be handled by erecting a large enclosed space at the 
rear side of the bmldmg. This space can be used as loading area and for 
the storage of trucks and cars as well Spaces for repair shop can be cut 
off m a corner of this area This system has the advantage of having the 
loading area, platform and garage enclosed which has proven an advantage 
in colder climates 

In estimating spaces for garages, allow a space of 10 feet by 30 feet for 
the average si 2 ;e truck Of course, light pick-up trucks will require less space. 
If the garagmg faahties are provided for under the roof of the weldmg shop 
proper, as is essential in some climates and sometimes preferred by the 
individual shop owner, ample space should be provided for turning and 
parking to avoid congestion Adequate space also is important in the open 
yard in front of separate garage. The follow-through demands attention 
to every little detail, for easy maneuverability of trucks in and out of the 
shop makes for smoother distnbution and more economical delivery. Correct 
depth of garage space between garage and main shop, and adequate provision 
for drives must be contamed m plans for the undertaking. If only one drive- 
way IS afforded by the ground on which the building is to be erected, then 
this driveway should be sufficiently wide for the passage of two vehicles- 
Such minor details as rounded footings to comers of garage entrances, door- 
ways and gateways, as guards agamst damage to fenders and the entrances, 
are essential in thorough plannmg. The average commercial welder has 
never had suffiaent storage space since he traded the old horse and wagon 


BEWARE 

Your doing business with us 
is the best Insurance you can buy# 

Beware of any person Who tries 
to influence ,you to take your 
business to some other company; 
as the only one to profit by such 
a change would be the other fellow • 

• not you# 

Insist on consulting us before 
taking any action# Get his prop-* 

08 it ion I then call upon us for Infor- 
mation and counsel 9 which will be 
freely and gladly given## ######«#• 

YOUR WELDING SHOP 
1625 N# Main St# 

DIAL 3-450 
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for a motor truck, and substituted real outdoor advertising “ ^ 

calendars And m the beginning, he never dreamed of 
racks and arc welders and quenching tanks Consequently m the new simp, 
he should resolve to secure ample storage space 

In the water’s conception of a modem small job shop buildmg handling 

a general line of job weldmg. the I'Story building stnctly J 

has neither basement nor second floor Some of the j 

intended to be displayed behind the large wmdow m 

as well as providing a general view of the main shop to the passer-by and 

also to afford ample light and ventilation. a 

Fig 1 IS a floor plan of the small job weldmg shop. Compactly arrmged, 
this set-up permits smooth movement of materials and finished goods Garag- 
^g a^d loading platform are combmed m right rear. This plan, of course, 

The Equipment Needed— Shop faahties must obviously be f 

an acceptable and profitable job weldmg shop is to be presented. Quite 
naturally any plan such as shown in Fig. 1 is of a tentative nature and must 
be adapted to existing buildmgs and facihti^ unless the business is located 
in a new buildmg especially constructed, such as the plant layout and design 
previously referred to The present extent and arrangement represents an 
average layout consistent with budget hmitations In establismng a com- 
mercial welder or job shop, it is perfectly feasible to install only one piece 
of equipment m each of the departments listed and still have a well-balanced 

The following hst of equipment is broken down for detail consideration 
and It should be emphasised here that although this layout represents a 
hypothetical laboratory or shop, the general arrangement and organisation 
is the result of actual experience in planning and using this layoi^ For this 
reason due consideration should be given major departures from the arrange" 
ment shown. Following is a detailed list of the equipment shown m the 
plan and directly following this will be found a discussion on the electric arc 
together with a study of the arc weldmg generator capable of doing every 
job that comes mto the shop. 


LIST OF EQUIPMENT 

Metallographic; Micro Cainera, Mlicroscopes, Polishing Wheels, Belt Grinders, 
Grinding Wheels, Dark Room Equipment. 

Arc Welding Equipment: Single Operator MG Set 200'A, One Arc Gasohnc 
Engine^Driven Railer Model 300"Amp , AC Transformer, 2 Welding Tables. 2 
Welding Booths, 2 Screens or Shields 

X-Ray Equipment: LowWoltage Machine (capable of penetrating l-inch Plate) 

Physical Testing: Portable Tensile and Bend Testing Machine, Hydraulic Tester 

Macbine Tool Equipment: Power Hacksaw, Milling Machine, Surface Grinder, 
Bench Lathe. 

Resistance Welding Equipment: Automatic Hash Welder, 35 KVA Spot Welder 

Oxy- Acetylene Equipment: Hand^Cutting Torch, Automatic Straight Line Cutt 
Mach, equipped for Flame Hard , Welding Torch with Cutt. Attach-, One set of 
Regulators, Oxygen Cyhnders, Acetylene Cylinders or Acetylene Generator, Set of 
Cutting Tips, Set of Weldmg Tips, Set of Cutting Attachment Tips. 

Accessories: Electrode Holder, Wire Brushes, Chipper Hammer, Fibre Helmet, 
Fibre Hand Shield, Welding Gauntlets — ^Leather and Asbestos, Welding Goggles, 2 
50 ft. Lengths Hose or 1 50 ft Length Twin Hose, MSA Speedframe Goggles, 
Welding Gauge, Fume Collector. 

Power Supply: 110" Volt A C (Single Phase), 220"Volt A C. (Three Phase), 110" 
220 Volt D.G. 
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Miscellaneous Equipment: Air Compressor or Cotaprcssed Air Cylinders, Plate 
Storage Rack, Bar Rack, Steel Work Bench, Steel Stools, Shoprobe (Clothes Storage 
Unit), Tool Stands, Tool Cabinets, Steel Desk for Welding Foreman, Parts and 
Supply Bins, Steel Tool Crib, Stock Cart, Steel Folding Chairs, Quenching Tanks, 
Lantern Slide Projector. 

The foregoing list of equipment is offered with one fact kept uppermost 
m mind, namely, the matenal and layout to assure a fair profit to the owner 
of the business is the major consideration and anything else is secondary in 
importance. 

When a shop starts to expand, it is some time before there is a full reahza^ 
tion on the part of the management that the shop has grown beyond the 
old shop lay-out A good deal of cost and confusion will be ehmmated 
through prompt reorganh:;ation and perfected lay-outs. 

In initiating work on a production basis, it should be borne m mind that 
additional facilities should be added to facilitate operatmg on a mass or 
production basis, for example, a complete designing or drafting room should 
be added m order that the product may be designed or checked m a pre- 
liminary way before the job is accepted, and to make the detail drawings 
before the job is accepted in the shop. 

These detafl drawings should contam all information including the type 
of steel, the type of weld, the type of weldmg rod and any other information 
that the shop might desire The draftmg room should understand to a fair 
extent the shop procedure m building the product. The checker of the 
drawmgs should be thoroughly versed in every operation that the product 
takes through the shop because it is pnmanly the design and secondly the 
cost of fabncating that wiU obtam or lose a job. The checker should then 
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Fig. 5. Daily record of sales by commodities. 


take the prints to the shop foreman or production engineer, and go over 
the drawings completely with him so that the foreman or engineer can 
provide room in the shop and set the delivery date The drawings are then 
turned over to the head welder or lay-out man in the shop 

The layout man must have stock to work with It is his duty to keep 
a record of this stock for re-order when it becomes necessary or when it 
becomes close to being used up, and it is also important that he use the 
steel most economically to prevent excessive waste He must stock the neces^ 
sary plate on the basis of the most suitable thicknesses for the class of work 
handled. He should also see that a stock of round bars is earned m various 
snjes. The stock should also include standard si^e channels, Tbeams and 
angles, and the necessary stock of different si2:e welding rods and electrodes. 

The layout man must have the necessary tools for doing layout work 
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on steel and other metals, must be thoroughly famihar with reading blue^ 
prints and the way m which the job is bmlt. A layout man in very many 
cases can see something on the drawing that should be changed to reduce 
the cost of construction and still keep the job as strong as it should be. He 
should have the information on the drawings as to what the machine or part 
is to be used for so that he may get an idea as to whether the job is primarily 
intended for strength or beauty 

For example, we will suppose a job was to be used as a machine base 
with most of the base buried in concrete, if the layout man did not know 
that this job was to be used for strength, he would very likely order the 
corners to be ground off to make it beautiful. He must also be familiar with 
machine shop practice so that he will know how much to allow in different 
locations for cleaning up or machining 

From the layout man, the job goes to the cutters or burners However, 
the layout man must be in complete charge of the job from beginning to 
end and made responsible for the completed article After it is tacked to^ 
gether it is ready for the actual weldmg. After the job is completely welded 
it IS ready to be machined unless it should be sand-blasted first m which 
event the paint is applied at this pomt The product is then ready to send 
over to a machine shop for the final machine work. 

^ In some instances following the complete welding of a product it is 
placed in an annealmg furnace to bring about a more perfect job. In such 
cases, the annealing furnace should be capable of heating the object to at 
least 1200° slowly and uniformly Several jobs are designed in such a manner 
that warpage takes place to quite an extent while welding and the annealing 
furnace can be used not only to take the strains out but by leveling the 
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job up and weighing down, it can be used as a stmghtener and stdl l^v« 
no stresses in the fished product The smaller job shop will find it mor. 
profitable to send the product out to be annealed, p^cularly if the ^ 

for £s finih in a product is not too great. The l^ger commeraal welj 
or job shops should mstall annealing furnaces cap^le of taking care of the 
gr^test size job that would in all probability ever be made in the shop 


lOEY TO FLOOR PLAN OF SMALL WELDING SHOP 


(Sec Bg. 1) 

NOTE: Space on Floor Plan does not permit detaihng by name, hence the number- 
mg system herewith presented for ready identification. 

20 Welding Foreman’s Office, contains: 
Office Equipment with 
Steel Desk 
Steel File Cabinet 
Suitable Chair 

21 Rest Rooms with Usual Facilities 

22 Plate ^ Bar Storage Room with — 
Plate Storage Rack 
Bar Rack 

23 Assembly Room, contains — 
Metallographic Equipment 
Dark Room Equipment 
X-Ray Equipment 
Raised Platform with Desk & Chair 
Portable Tensile ^ Bend Test Ma- 
chine 

Hydrauhe Tester 

24 Finished Products Storage Space 

Blackboard on Left Wall 
Projection Screen in Front of Rear 
Wall « 

Projector m Center of Room or 
from Raised Platform 
Press & Sink in Front of Right 
Wall at Window, also Polish Wheel 
12 Steel Folding Chairs in Front of 
Raised Platform 

Speamen Cabinets 6^ Display Board 
where Space Permits 
2y Steel Tool Stand 
26 Steel Stools 


1. Arc Welding Booths 

2. 300 Amp Arc Welder 

3. 200 Amp Arc Welder 

4. A.C Transformer 

5. Welding Tables 

6. Automatic Flash Welder 

7. 35 KVA Spot Welder 
S. Surface Grinder 

9 Milling Machine 
10. Power Hack Saw 
U. Belt Grinders 

12 Steel Work Bench with. — 

Grinding Wheel 
Bench Lathe 
Vise 

13 Locker and Wash Room with — 

Usual Facilities 

Shoprobe (Clothes Storage Unit) 

14 Boiler Room 

15, Stock Room with Parts & Supply Bins 
for. — 

Apparatus for Resale 
Supplies for Resale 
Apparatus for Consumption 
Supplies for Consumption 
16 Oxygen Acetylene Cylinders 

17. Air Compressor 

18. Tool Cabinet 

19 Quenching Tanks 


Advertising — ^If one force is sadly lacking in retarding the forward pace 
of job welding in the welding industry today, it may be truthfully stated 
that It IS due to the lack of or improper advertising. 

Sales and advertising effort must be correlated in any business if maximum 
effectiveness is to be expected. In only the largest commercial or job welding 
shops arc there separate advertising and sales departments. Even then, sales 
and advertising are closely related and associated through the general man^ 
agement In the average job welding shop the individual charged with sales 
is generally also in charge of advertising. 

Outside agenaes often handle details of the advertising programs but 
the final approval of the company’s advertising effort rests with someone 
in the shop closely related with the sales department It would be extremely 
difficult to discuss operations of the sales department without simultaneously 
taking into consideration its relation to advertising effort. The theme of 
advertising and, the theme of merchandising should be identiral at all titn^o 
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And, just as merchandising should be earned on with consistency, advertising 
effort must be earned on in the same way- 

important Role — It IS agreed that the first rule of advertismg is con- 
sistency. A rule of almost equal importance is that advertisements should 
follow a definite theme 

A theme cannot be developed through occasional advertisements There 
IS no such thing as impression of a theme with a big splash run for a short 
penod and then forgotten A theme must be sold through repetition, with 
a different appeal to get the theme over As an illustration, a recent senes 
of advertisements featuring a nationally advertised bread used the ''try it’** 
theme. The purpose of the campaign was to get consumers to try the bread- 
Without a great deal of copy but with attractive illustrations, this theme 
was pounded for a solid year The loaf of bread was displayed in every 
advertisement, but the mam illustration had no relation to bread whatsoever. 
For mstance, a little girl was shown hangmg from her knees on an acrobatic 
bar The theme was "try it’’. The inference might be that the consumer 
was being sold to try hanging from the knees on an acrobatic bar but anyone 
could tell that the idea of the advertisement was to get the idea of the adver- 
tisement over to the consumer to try the bread Consistent use of that theme 
throughout the campaign brought marked results m new customers 

When an advertising campaign is being planned, money available for 
advertising purposes should be budgeted carefully. The money should not 
be spent m one big splurge On the other hand, it is unwise to spread it out 
so thmly that it is not effective The advice of advertising council in the 
allotment of this money is helpful and will avoid waste 

Advertising Rules — Certain rules apply to advertising that should not 
be overlooked by the job welder if he is to get maximum effect from his 
advertising dollars 
The rules are 

1. Select a theme and stick to it throughout the campaign 
2 Repeat the theme in all copy from as many angles as possible 
3. Spread the budget on a planned, controlled basis 
4 Use advertising media known to give the largest possible returns on 
the money. 

5. Unite merchandising and advertismg effort behind the theme 
Related Media — In discussmg the fundamentals of good advertismg it 
will be necessary to first treat the budget and then to discuss the various 
media which are used by the job shop welder and their relative importance 
The Budget — ^Two factors control the amount of money a job shop should 
set up for Its advertising expenditures. The first is the need for advertismg 
expenditures The second is the welder’s ability to pay for his needs. These 
two questions must be answered before any intelligent approach to the 
advertising program can be made. The answer to the first must depend upon 
many other factors. Consideration must be given to such problems as 
1. To what extent does the product have public acceptance? 

2 To what degree has the maximum potential of the market been, 
reached'!^ 

3, How competitive is the market? 

4 What is the trend of competitive job welding shops and what is 
the competitive job welder doing to better his position m the market? 

5. Is the job welder convinced that his sales effort is carrying its share 
of the burden? 
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Fig. 7. Daily cash r©c«>ipts and dishnisements. 


It IS apparent, of course, that answers to those questions would be en^ 
tirely different if asked of the manager of a new job welding shop entering 
a market, and then asked of the manager of an established plant with an 
established volume In either case, however, three points should rule 

First — ^the advertising budget should be prepared in advance of the ex^- 
penditure of any money and its allocation to the seasons of the year should 
be stipulated. 

Second — consistent pluggmg of the advertising theme should be provided 
for and funds should be available at whatever time they are needed 

Third— the only sound basis for planning an advertising program is tc 
base the programmed expenditure on a combination of previous sales and 
sales potentials 

The factor of need for advertising, then, is of primary consideration, 
whether the shop be established or new. Naturally, the need will be greater 
for ike plant without established consumer demand and public acceptance 
of the product. 

The new shop has a threefold job. First, its advertising must be designed 
to hold consumers already secured Secondly, its advertising must be designed 
to win away from other products customers who will increase consumer 
acceptance Thirdly, its advertising must be designed to create new customers. 

The established shop has only a two-fold job. First, it must hold its 
customers Second, it must attempt to create new customers The expendi- 
tures required for the established shops, therefore, are smaller than those of 
the new one. In consideration of that question of need for advertising, the 
new shop finds its requirements far greater, though — ^it is often the case — 
less able to pay for requirements 

With the new job weldmg shop and the old alike, the si2;e of the market 
has a great bearing on the sue of the budget required for advertising The 
larger the market, the larger the percentage of sales necessary to reach it 
Diversified population and classes of industries to be approached from dif- 
ferent angles and the necessity for the use of more types of media cause 
this condition. 

Source of Finance — Only two possible sources are available for funds 
required to carry out the advertising program. One of these is the shop's 
income The other is the company'^s capitalization If the former will supply 
the demand for funds, the latter shoifid not be considered If it will not, 
the latter must be called upon. The established job welding shop should 
never have to go into its capital for advertising The new shop should 
expect such a situation With an established busmess, a chart of sales ex- 
pectations should be prepared and constantly checked. If plans are laid on 
the basis of such a chairt, expectations must be met or the entire advertising 
budget will collapse. 
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111 the case of a new job shop it is not advisable to set a percentage 
of sales to be put into advertising Rather, the owner or manager should 
arrange to take care of obligations, give himself the necessary money to live 
on and put all the rest into advertising No profits should be taken during 
the period of market entrance 

Seasonal Advertising — ^As long as job welding sales vary with the season, 
all advertising authorities suggest that the expenditures from the budget 
shall be made m proportion to the volume of sales The volume of the 
industry is greatest during the second and third quarters of the year, tapering 
down on the fourth quarter and reaching its bottom in the first quarter of 
the next year Therefore, advertising appropnations should be set up to 
spend two^twelfths during the first quarter, three^twelfths during the second 
quarter, five twelfths dunng the fourth quarter and two-twelfths during the 
third quarter There may be some variations from this in some markets, 
but this division is recommended as a rule in most cases. 

The public forgets Advertising reminds Advertising has helped the 
welding industry. It will take advertising to further develop it and adver^ 
tising costs money Money must be budgeted for advertising in any success-* 
ful job welding business 

Advertising Media — ^The various media to be used by the commercial 
or job weldmg shop in advertising necessarily must be selected with respect 
to the available money With a limited advertising budget the job welder 
wants to use only the media that directly produce sales As the advertiser 
expands his budget he will spread to other media Rules that apply to job 
weldmg shops might not apply to any other business, though some related 
concerns will operate under similar rules 

Superior Media — Advertising that catches the eye of the prospective 
purchaser or user of the service and sells him at the time he is m the market 
IS the most desirable form of advertising For that reason, point-oTpurchase 
advertising is far supenor to any other media available to the job welder, 
"Many advertising authorities feel that all other forms of advertising should 
‘lead” the prospect to the outlet, and that advertising at the point of 
purchase should clinch the sale. In order of importance, the various media 
are 

1 Point of purchase S Radio advertising 

2 Shop and window displays 6 Newspaper advertising 

3 Outdoor bulletins 7 Novelty advertising 

4 Theatre screen advertising 

Conditions in various markets may place one medium before another 
in importance, but certainly from pomt of purchase through outdoor advet" 
tising the order of importance will remain constant in any market If bill^ 
board advertising sells the prospect, he will a^ain be reminded of the 
product at the outlet by a window display All of this is based on theory — 
an accepted theory of advertisers — ^that the closer the customer is to the 
jpoint where he can exercise his impulse to buy, the greater is the eifective-* 
ness of advertismg. 

A primary rule in the selection of media is this: Exhaust every possibility 
«of point-oTpurchase advertising before spreading to other media* The cost 
of media must be considered, too Pomt-oTsale advertising is less expensive 
than other forms Outdoor advertising is next, and the cost of other media 
will probably follow in line of importance. Some discussion of each of 
Tth^e various types of media would be advisable In the following pages 
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will be found a synopas of the points in favor of and against each medium 
previously mentioned 

Point of Purchase— Point-of purchase advertising includes printed signs, 
window strips^ lithographed cards, and the like, but it extends to counter, 
floor and window displays of the products themselves So, adverti^ng oppem^ 
tunity in the outlets is quite varied The selection of advertising for speeme 
outlets and purposes should be done judiciously i i j 

The welder wants a picture which will lend tone to his place but he does 
not want one which would be objectionable to any of his custc^ers Points 
oTpurchase material must be decorative and convincing to sell the consumer 
Too much copy tills it The copy used must be clear and used to rep^t 
the theme of the rest of the advertising A slogan or catch pnr^e is the 
best copy for point-'oTpurchase advertising If it is a repetition of the theme 
of the welder's advertising and if it is perfectly clear in its meaning, it is 
good copy 

Five good rules apply to point^of -'purchase advertising* 

1 Do not hesitate to consult a specialist in sign-making 

2 Design* signs different from those of the competitor 

3. Locate signs in the office, show windows and shop so as to please 
the consumer, not the sign painter or welder 

4 Have a vanety of signs to meet the requirement of all work handled 

5 Make signs to sell and not be purely decorative 

In this connection it is well to have two general signs prominently 
‘spotted' outlining the policies of the business and stressing the need of 
continuing to do business with the concern Two excellent suggestions are 
offered in Fig 2 and Fig 3. 

Getting Established As a Dealer for Apparatus and Supplies — ^The prO" 
grcssive job welding shop today supplements its earnings and revenue with 
the carrying of a complete well established line of apparatus and supplies 
used in both the gas weldmg and arc welding field for resale. 

A great majonty of manufacturers of equipment today offer restricted 
territones under a signed “Authon 2 ;ed Dealer s Agreement’'. Usually sepa- 
rate agreements are drawn and entered into for the distribution of gases 
and electrodes. Electrodes are usually sold on what is termed an “Electrode 
Blanket Order Contract” There is no standard form of Authorised Dealer s 
Agreement for the distnbution of gases 

A complete but inexpensive bookkeeping system, with full instructions 
may be obtained from the publishers, Wilsonjones Company, for use of 
dealers, however, the sheets. Figs 4, 5, 6, 7, 8 and 9 will provide an inex- 
pensive bookkeeping system for the dealers' needs The forms are provided 
with their explanatory notes to provide a guide or outline to work from. 

Standard ledger sheets or columnar work sheets — obtainable in any sta- 
tionery store — ^will be suitable, if the columns are “headed” as shown in the 
specimens Large companies maintain complete accounting systems. Already 
established dealers may not need this “help” but it is felt that the speamen 
sheets will prove of real value (1) in establishing a new dealer, (2) by the 
small dealer with a “hit or miss” set up, or (3) by the itinerant dealer who 
may be a good salesman — but is not such a good business man. 

In the sale of arc welders and torches and regulators it is well to keep 
in mind the proximity or location of the factory to which equipment may 
be returned for repairs or reconditioning Many a sale is losf because of 
the jobber’s inability to secure prompt repairs or replacement of equipment 
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Fig. 8. Accounts receivable. 


due to great distances from the manufacturer of the equipment the jobber 
IS distributing. 

Process Applicatiojos and Promotions — ^Herewith are presented some typi' 
cal commercial welder or job shop customer operations by industries to 
encourage and stimulate the management of the commercial welder or job 
shop to apply the process of arc welding, from which more work and greater 
profits will result: 

Bakeries: Repair Baskets (wire); Bins, Boxes and Containers (Fab. and Rep.); Bread 
Machine Castings made of Alninmum (Rep.); Conveyor Rings (Rep); Cake Mixer 
Machines (Rep); Dough Beaters (Rep), Dough Mixers (Rep); Copper or Mond 
MiYt ng Bowls (Rep), Pans (Rep.), Racks (Fabricate or Rep), Slicing Machines 
(Rep.), Storage Tanks (Rep ); Vats (Fab. and Rep.); Wrapping MEachincs (Rep.). 

Boiler and Tank Shops (see also Power House Section) : Boiler Feed Pump Casing 
and Housing (Fab and Rep), Boiler Draft Control Casing and Housing (Fab. and 
Rep ), Boiler Tube Cleaners (Rep ), Boiler Water Circulators (Fab, and Rep ); Fur^ 
naccs (Rep ) , Furnace Fire Door and Frame (Rep ) , Pipe and Pipe Fitdngs (Fab. or 
Rep.); Water Tanks (Steel) (Rep). 

Brick Yards: Auger Machine (Hardfacc), Bearings (Steel) Hardfacc and Build Up, 
Brick Car Truck Carnage (Fab. or Rep ); Clay Gutters (Hardfacc); Clay Feeder Shoes 
(Hardfacc), Dipper Teeth (Hardfacc), Discs for Cutting Refractories (Fab.); Jar- 
nng Bars (Hardfacc), Mhxer Blades (Hardfacc), Mud Screw (Hardfacc); Plug Mill 
Knives (Hardfacc); Pulverizers (Hardfacc), Roll Mill Crusher Plates (Hardface), 
Thrust Collars (Hardface), Tnp Dogs (Hardface). 

Chemical Indtistrics: Filter Screens (Fab. and Rep); Flanges (Fab. and Rep.); 
Guards (Fab. and Rep.); Screen Frames (Fab. and Rep.); Tanks and Vats (Fab. and 
Rep.). 

Coal Dealers: Bins, Boxes and Chutes (Fab and Rep.); Conveyor Bucket Lips 
(Fab and Rep ), Heater Tube Pipes (Fab and Rep.), Hopper Lips (Fab.), Loaders 
(Fab.), Scale Parts — ^Pivots (Hardface), Truck Braces (Fab. and Rep.), Side and 
End Sheets for Unloading Goal (Fab. and Rep ). 

Contractors: Anchor Buoys (Fab and Rep); Dredge Pipe (Rep.); Cable Drills 
(Hardface), Caisson Digger Cutter Beads (Hardfacc); Crusher Jaws (Hardfacc), 
Dredge Cutter Knives (Hardface); Dredge Buckets (Hardface); Plate Girders (Fab. 
and Rep.), Latch Bars (Hardfacc), Pile Driver, Wearing Parts (Hardface); Post 
Hole Diggers (Hardfacc); Sand Blast Nozzles (Hardface). 

Dairies: Bottling Machine Cams (Hardfacc); Cheese Hoppers and Buckets (Fab.); 
Conveyor Eqiupment (Hardface), Cream Separator Spouts (Weld On); Filter Screens 
(Fab, or Rep.), Floor Plates — Steel (Fab. or Rep ), Ladle Pail Hooks (Rep ); Milk 
Dryers (Fab or Rep.); Sink Frames (Rep); Stands (Rep.), Tanks, Vats (Fab. or 
Rep.); Truck Trailor Hitches (Hardfacc), Vacuum Tank, Propeller Blades (Rep,), 

Electtical Equipment (Manufacturers and Repair)* Circuit Breaker Boxes (Fab or 
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Rep), HoU5<ngs (Fab and Rep), Shaft-, — worn (Rep), Switch Boxes (Fah and 
Rep ), Tranformer Hangers (Fab or Rep ). rv „ r, 

Fanu Equipment: Binders, Conveyor Pulleys (Fab and Rep); Beet Pui er Porntt 
fHardface)- Binders, Cycie Bars (Fab and Rep ); Cane Shredder Blades and Knives 
(Hardface), Cattle Stanchions (Fab and Rep), gsterns (Fab ^ 

(HardfaceV Corn Planter Shoes and Runners (Hardface), Corn Shredder Tips and 
^ves (Hidface), Com Stalk Cutter Blades (Hardface), 

and Spades (Hardface), Cultivator Shovels and SpriM Teeth (Hardface), Disc (^ul 
^/Blades (Hardfac^), Dnlls-Seed (Hardface), Pulveriser Hammers 
(Hardface); Food Choppers (Hardface); Furrowing Shovels (Hardface), H^ Fork 
(Hardface): Hay Hammers or Cutters (Hardfa«) , Hay Sws—Circulator ^eeth 
(Hardface)- Harrow, Disc Blades, Bar Points (Hardface), Harrow, (^ars (Hard- 
face), Harrow Shovels and Teeth (Hardface), Header (Hardfac^, Horse Shoes 
(Hardface); Leveller Blades (Hardface), Lister Shares (Hardfa^), Manure H^dling 
Eqtupment (Hardface), Mower and Shoes (Hardface), Mill Hammers (Hardfa«), 
Nosale Discs— Spraying (Hardface); Planters (Hardface) Plow Poims, Shaves Bar 
Points, Discs (Hardface); Post Hole Diggers (Hardface), Potato Diggers (Hard- 
face). Pruning Shears (Hardface), Rakes, Eccentne. Roller, Tnp (Hardface), Rooter 
Teeth (Hardface); Scrappers (Hardface), Scooter Blades (Hardface), Septic and 
Sewer hnks (Fab and Rep ). Stands (Fab. and Rep ). Subsoiler Foot Point and 
Teeth (Hardface). Threshing Machine, Concave Teeth (Hardface). Tracers— Ueats 
(Hardface), Treaders (Hardface). Wagons, Qevises, Bar Irons (Fab), Water 
Troughs (Fab and Rep ). 

Hour and Feed Mills: Alfalfa Mill Hammers (Hardface). Augers (Hardface). 
Chute Bends (Hardface). Clutch Face (Hardface); Corn Knives t Hardface) .Fan 
Blades (Hardface); Grinder Screws (Hardface), Grinding Ham^mers (Hardface), Ham' 
mer Sides (Hardface), Hay Mill Hammer Sides (Hardface), Pulverizer Blades (Hard' 
face). Pulverizer Knives (Hardface), 

Food Cantiing, Preserving and Packing Plants: Cams and Knockout Fingers ^ard' 
face); Bone Mill Hammers (Hardface), Cham Links— Conveyor Equipme^ (Rep), 
Chutes and Bends (Rep), Crushing Mill Knives (Hardface), Forming Dies--Can 
(Hardface), Grinders (Hardface); Pipe and Pipe Fittings (Rep ); Sink Frames (Fab. 
or Rep ). 

Forge Shops: Annealing Boxes— Steel (Fab and Rep ), Anvils (Hardface), Doors, 
Water Cooled (Fab and Rep), Drop Hammer Die Blocks (Rep Worn), Furnaces, 
Steel (Fab and Rep ), Wheels — Steel (Rep ) 

Foundry: Annealing Boxes (Fab and Rep), Castings— Defeefave (Reclaim), 
Charging Box. Car Wheel^Wom (Build Up); Coke Pusher Shoes (Hardface) Con- 
veyor Dogs (Hardface): Core Machine Fbgbts (Hardface); Exhaust Fans (Hardface), 
as, Rlil Hooks (Hardface). Ladles (Hardface), Mxer Blades (Hardface), Pump 
Housing— Sand (Hardface), Pump Housmg (Pump) (Hardface); Spd Core Cutters 
(Hardface), Sand Plows (Hardface); Sand Revivifier Paddles (Hardface); Shovel 
Teeth on Tips (Hardface); Slinger Cups on Tips (Hardface), Vibrator Frames (Hard' 


face). 

Heating, Plumbing, Air Conditioning and Ventilating: Bases (Fab and Rep ); 
Boilers (Fab and Rep ). Fans, Bases, Blades (Rep), Frames and Supports (Fab and 
Rep), Headers and Tubes— Steel (Fab. and Rep), Pipe and Fittings— Steel (Fab 
and Rep ), Brackets for Pipe and Hangers (Fab and Rep ), Register Frames (Rep ), 
Screen Frames (Fab and Rep); Stacks (Fab and Rep), Stands (Fab and Rep), 
Stoker Hoppers — ^Weanng Parts (Hardface), Tanks, Oil, Water (Fab and Rep ). 

Homes; Andirons, for Fire Places (Fab and Rep ); Bins, Boxes, Containers (Fab 
and Rep ), Cabinets (Fab. and Rep.); Clothes Drying Racks (Fab and Rep ); Fences 
(Fab. and Rep); Furniture (Fab and Rep); Garden Tools, Mower, Hoe, Spade. 
Rake (Fab and Rep), Gates (Fab. and Rep), Ornamental Iron (Fab and Rep,), 
Sink Frames (Fab and Rep), Tools and Chests (Fab and Rep); Toys, Bicycles, 
etc (Rep ); Water Pipes, Iron and Steel (Fab and Rep ), Window Boxes (Fab and 
Rep ) 

Ho^itals, Hotels, Restaurants: Beds, Frame (Fab and Rep ); Bins, Boxes, Con-' 
tamers (Fab. and Rep.); Cabinets (Fab. and Rep ); Doors, Fire Door (Fab. and Rep.)* 
Floor Gratings (Fab and Rep ), Furniture, Metal Tables, Chairs, etc (Fab. and Rep,); 
Guards and Covers (Fab. and Rep ); Heat Exchanger (Fab. and Rep ); Railings and 
Grilles, Ornamental (Rep ), Sinks and Frames (Fab and Rep ), Tanks and Vats (Fab. 
and Rep ); Trucks for Moving Food from Kitchen to Dining Room (Fab. and Rep ); 
Wheel Chairs and Tables (Fab and Rep ). 
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Laundries and Cleaners* Blowers^ Housings (Fab and Rep ), Boilers (Fab. and 
Rep ), Bins, Boxes, Containers (Fab and Rep ), Clothes Drying Racks (Fab and 
Rep.), Clothes Pressing and Ironing Machine (Rep ), Dry Cleaning Machinery — StaiB' 
less Steel (Rep ) , Laundry Machine — Stainless Steel (Rep ) ; Pipes and Fittmgs (Fab. 
and Rep.), Tanks and Vats (Fab and Rep.). 

Machine Shop: Belt Shifter and Clutch Throwout Finers (Hardface), Bolt and 
Nut Machine, Guide Rolls (Hardface), Boring Bar, Wearing Strip (Hardface), Cam 
Ejector Pms (Hardface), Cams and Rocker Arms (Hardface), Chain Links and Pms 
(Hardface), Chuck Fingers (Hardface), Clutch Fingers and Tripper Jaws (Hard' 
face). Cranes and Crawlers — Frame (Fab and Rep ), Cranes and Crawlers, Contact 
Shoes (Hardface), Drill Chucks, Worn Holes (Hardface), Grinder Rests (Hard' 
face), Lathe Centers (Hardface), Lugs, Tool Posts and Blocks (Hardface), Ma' 
chinery. Bases, Frames, Guards, Comets (Fab ), Machinery — Wearing Surfaces (Hard' 
face). 

Municipal (City) Equipment In Connection With Parks, Streets, Etc.: Ditch Dig' 
ger Sprockets and Gears (Hardface), Ditch Digger Teeth (Hardface), Pamt Guards 
(Hardface), Power Mower Shoes (Hardface), Street Scrapers (Hardface), Street 
Sweepers (Hardface), Smoothing Irons (Hardface), Spreaders (Hardface), Traffic 
Signals — “Stop and Go“ (Rep), Repair Bins, Boxes, Containers (Fab. and Rep); 
Calking Tools (Hardface), Cinder Loader Blades, worn (Hardface), Sewage Ejectors 
(Hardface), Sewage Impellers (Haidtace), Tamping Bars (Fab ), Water Tanks (Fab 
and Rep ) 

Power Houses: Ash Conveyor, Drag Line and Link (Hardface); Ash Crusher — 
Knocker (Hardface), Expeller, Multiple Set (Hardface), Ash Hopper (Hardface); 
Cams, Lifter and Valve (Hardface), Cinder Loader, Fan Blades (Hardface), Coal Con' 
veyor Buckets (Hardface), Coal Conveyor Bucket Lips (Hardface); Coal Conveyor 
Chain Links (Rep ), Coal Crusher Equipment — Segments (Hardface), Coal Feed 
Dogs (Hardface), Coal Feeder Screws (Hardface), Coal Pulverizer Hammer (Hard' 
face), Coal Pulverizer Mill Bull Rings (Hardface), Coal Pulverizing Mill Plows and 
Tips (Hardface), Coal Pulverizing Mill Yokes (Hardface); Drip Valves, Poppet 
Style (Hardface), Fan Housings — Draft (Hardface), Fan Blades (Hardface) 

Refrigeration: Ammonia Accumulators (Fab or Rep ), Ammonia Cooling Coils — 
Steel (Fab and Rep ), Condensers (Fab and Rep ), Containers (Fab. and Rep.); 
Flangers (Fab and Rep), Guards, Railings, Covers (Rep), Ice Conveyor System 
Guides, Rollers, Treads (Rep), Pipe, Coils and Fittings (Fab and Rep), Refnget' 
ation Box and Cover (Steel) (Rep ) 

Sand, Stone and Gravel Pits: Cable Drills (Hardface), Chain Links and Pins 
(Hardface), Conveyor, Bucket Lips (Hardface), Crusher Jaws, Plates (Hardface), 
Dipper Lips (Hardface), Dipper Teeth (Hardface), Drag Line Buckets, Lips (Hard' 
face), Drag Line Buckets, Runners (Hardface), Drag Line Buckets, Teeth (Hardface), 
Gravel Screens (Hardface), Hoppers (Hardface), Hopper Lips (Hardface); Power 
Shovel Teeth (Hardface), Latch Bars (Hardface), Channeling Drills (Hardface); 
Stone Working Tools (Hardface), Stuffing Box Sleeves (Hardface) 

Well Drilling Contractors. Bearings. Arms — Steel (Fab), Bearings (Rep); 
Bearing Struts (Rep ), Casings (Fab and Rep), Drill Bits (Rep ), Drill Bits — ^Weld 
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Oil (Weld): Geara-Steel (Rep). Gravel Screens (Rep); = 

Reservoirs and Tanks (Fab and Rep ); Rider Blocks (Hf 

(Rep,). Structural Parts, Towers. Poles, Platforms, etc. (Fab.); Tractor Grouser and 

Wheel Lugs or Cleats (Fab. and Rep.). 

The AppEcatton of Hard-Facmg Metals: Reclaiming the Scrap Pile; The Busmen 
of Keeping equipment m Running Order; HardTaong as a Means of Protecting All 
Types of Steel Equipment from Wear, HardTacing User Benefits; Types of Steel 
Best Suited for Hard-Facing Applications; Outlining Procedure SAB. Steels, 
Procedure Outlining High Chrome AUoy Steels; Stainless Steels; High Carbon and 
Tool Steels; Manganese Steel; Cast Iron, High Speed Steels Quenching of Deposited 
Metals. Preparation of Base Metal for Hard-faang; Acetylene Api^ication; -Electric 
Application, Grinding and Hardness, Newspaper Advertisements m Exploiting Hard- 
Metal and Hard-Facing Metal Shop Facilities . ^ a j 

Structural Welding (Arc Welding for Building Construction); Advantages; How 
Axe Wddmg Provides Economy, Other Advantages in Building Coristruction Struc- 
tural Connections; Fabrication Costs, Versatility and Freedom in Design, Connec- 
tions to Existing Steel, FlexibJity to Meet Construction Schedules; Painting and h^m- 
tenance. Inspection Fundamentals of Design for Welded Structures, Listing the Fun- 
damentals of Design for Welded Structures. 

The Application of Hard-Fadng Metals— This section points out how 
hard-facing metals can be applied to the ordinary ec^uipment found in the 
vicinity of every commercial welder or job shop It would be impossible 
to go into details of every application, but it is hoped that the explanations 
offered here will enable those who read this work to reahze the great im- 
portance of hard-surfaemg and the savings it will bring to those who use 
hard metals as well as the profit to the welders who seek out the hard-facing 
jobs and sell hard metal applications to the owners of the equipment. 

Any experienced welder could go into the average scrap pile and find 
dozens of pieces of equipment that could be saved by building up and made 
better than new by the application of hard metals Many welders m rural 
distncts, finding it difficult to make a hvmg, could increase their revenue 
considerably if they would make a study of hard-facing applications m their 
own vianity. It is true that it requires salesmanship to convince the owners 
of ihe. equipment that a relatively expensive hard metal application would 
prove to be a sound mvestment in the long run, but it requires salesmanship 
to obtain and hold busmess in any line 

It 15 not necessary for a goo'd job welder to move to some other locality 
where business looks better, for if he were to make such a move, he would 
find competition so keen that he might not be able to pay his moving 
expenses The average welder often spends much of his time seeking new 
locations, or pickmg up work far beyond the limits of his own distnct or 
market instead of digging into the needs for hard-facing m his own com- 
munity There are many plow shares, scarifying teeth, power shovel equip- 
ment, and other implements m his locality, that could be faced profitably, 
both to the owner and to the job welder 

This is true not only of the welder who is doing job work for others, but 
the welder who is employed by others to do the necessary work to keep cer- 
tain equipment m running condition The wide-awake welder will always be 
scehng out new parts to be repaired as well as new applications for hard 
metals. Such a welder is mvaluable to his employees and is always the last 
one to be laid off when hard times come along. 

Hard-facing is the most practical means of protecting all types of steel 
equipment from wear It consists of welding a hard, wear-resistant alloy to 
the point, surface or edge of any part which is subjected to abrasion, by cither 
the electric or the acetylene process. A characteristic of many hard-facing 
metals is that they attain their maximum hardness and wear-resistance as de- 
posited and require no subsequent heat treatment. 
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Hard-faang benefits the user m a number of ways First, it permits the 
use of inexpensive base metals Second, it prolongs the life of equipment 
many times and saves replacements as well as delays. Third, when applied 
to edged tools it minimizes the number of sharpenings necessary, and in many 
cases reduces power costs. 

Hard'facing is not limited in application to any one type of equipment 
nor to any one type of abrasion HardTacmg metals produce equally good 
results on rotary drilling tools, plow shares, dies, crushing equipment, and 
innumerable other parts subjected to wear Because there are different types 
of abrasion, however, and because other factors such as heat, corrosion and 
impact are often involved, several types of hard-facing metals are necessary 
in order to obtain maximum service from every apphcation. 

There are certain types of steels ideally suited for hard-facmg applica- 
tions These steels are easily welded and require no treatment either before 
or after the hard metal is applied Many of these steels are well adapted for 
some types of equipment, while they are entirely unsuited for other types 
of equipment As an illustration, S A.E. 1045, a type of steel which is ideal 
for hard-surfacing applications, is also well suited for certain types of road 
making tools, agricultural implements, excavating equipment, etc., but it is 
not suitable for makmg shear blades, certain types of dies and other parts 
which are subjected to severe pressures m use In such cases, carbon or alloys 
are added to the steel to msure greater stiffness and strength, and quite 
often the parts are heat treated Certain types of alloy steels, high carbon 
steels, etc may be successfully hard-faced provided the proper procedure is 
followed 

1. Carbon Steels. (0-55): These are the steels which are ideally 
suited for hard-facing applications The application may be made to such 
steels without treatment either before or after weldmg This is applicable 
to either hot or cold rolled steels or steel castings of this carbon range 

2. S.A.E. Steels: All of these steels may be hard-faced satisfactorily 
provided the operator has a knowledge of the condition of the steel If it 
IS heat treated, the best procedure is to anneal the part prior to hard- 
facing. If It IS in annealed or as-rolled condition, hard-facing may be done 
without any particular preparation In the event that the steel is a high 
carbon alloy, it should be reheated after the hard metal has been deposited 
(to approximately 1600®F ) and allowed to cool normally in the air. 

3. High Chrome Alloy Steels (3-12 percent Cr). These steels can 
be hard-faced successfully, but require great care in handling as they 
are extremely susceptible to heat in any form Before hard-facing, proper 
procedure is to preheat the part to approximately 1200 °F. — ^After the apph- 
cation has been made, cooling should be retarded. 

4. Stainless Steels: These steels may be hard-faced by either the 
electnc or the oxy-acetylene method — ^the procedure being much the 
same as for steels in the medium carbon range. The exception is that less 
heat IS required for hard-facing stamless steels 

5. High Carbon and Tool Steels: High carbon steels in the past, 
so far as hard-faang is concerned, have given welders much trouble It 
can now be said, however, that successful applications can be made to 
carbon steels which nm as high as 1.10 per cent carbon and 1 25 per cent 
manganese. The success of the hard metal application depends entirely 
upon the treatment given the part after the application It is, of course, 
necessary to have the part to be hard-faced in an annealed or as-rolled condi- 
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tion. After the application, which may be made by either the electric or 
the oxy^a-cetylene naethod, the paxt should be reheated (without allowing 
it to cool after welding) to approximately 1600°F» It is then cookd normaUy 
m the air. This procedure, while lessening the strength and stifoess of the 
steel, does not leave it in a condition where failure will be caused by breal^ 
age, but rather leaves it in a condition where it will have a tendency to bend 
or flex. This procedure as outlined also applies to tool steels 

6. Manganese Steel (10 percenM4 percent manganese) : ^ Because 
the gram structure of manganese steel is easily disrupted by the application of 
heat, It should be hard-surfaced only by exercising extreme care and by 
carefully following the suggested procedure Welding should be done only 
by the electric method. The hard metal should be deposited in 

as far removed from one another as possible until the entire surface has 
been covered. This procedure will prevent concentration of heat upon any 
one part. Manganese steel may be hard'faced with practically any type of 
bard metal, but it is advisable to apply a layer of stamless steel first as a 
binding agent. 

7. Cast Iron: This metal is not suitable for hard-faemg Where 
hard-facing is to be done, it is advisable to make the part of either mild or 
cast steel. 

8. High Speed Steels: The hard-fadng of these steels is not gener- 
ally recommended. In cases where it becomes absolutely necessary to surface 
tlds type of aUoy, the best procedure is to have the part in the annealed 
state pnor to the application and to reheat and cool it slowly after the 
application is completed. 

V3LDING COSTS 
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Fig. 10, (leli)* CboTt oi welding costs, fig. 11, Orlght). Table of electrode deposition rote. 

Quenching of Deposited Metals: The heat treatment of any hard 
metal is not recommended when that treatment requires the use of a 
quench Occasionally quenching is considered necessary m order to give 
the part the strength and stiffness it requires in service That stiffness, 
however, is best acquired by a normal or slightly accelerated air cooling 
Preparation of Base Metal for Hard-Facing: It is always advisable to 
clean the base metal thoroughly pnor to hardTacmg either by gnnding or 
by buffing to remove all scale or oxides. In cases where the equipment 
IS heavy or where a finished surface is desired it is advisable to preheat 
the part to a cherry red pnor to hard-facing. 
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Acetylene Applicatioti: The composition of many hard^fadng metals 
18 such that the atmosphere created by a certain amount of acetylene 
m the torch flame will produce a quiet, free flowing alloy* If, however, the 
flame is used on a metal of different analysis it will produce a sluggish alloy 
with a tendency toward boilmg while m a molten condition Each type of 
alloy, therefore, requires a different type of flame in order for it to attain 
the desired physical properties when deposited and in order to facilitate 
the application. 

Electric Application — Many hard-facing metals, cither coated or bare, 
with few exceptions, are apphed with reversed polanty The flux 
coatmg on the hard metals facilitates them application, minimhjes spatter 
loss, assures good penetration, helps to stabilise the arc and to prevent 
oxidation. These coatings, however, should not be allowed to become damp 
nor should they be exposed to the weather for long periods of time, and it 
is therefore advisable to store them m a cool, dry place. Bare rods for 
electnc application are generally used only when it is necessary to apply a 
heavy bead or when it is necessary to weld against a copper form. A general 
rule to remember in applying any hard-facing metal electrically is to adjust 
the machine to the highest possible open arcmt voltage. On most types of 
work best results will be obtained if the arc length is as long as possible. The 
selection of the rod size depends upon the amperage used, which is in turn 
dependent upon the thickness of the parent metal. 

Grinding: Wherever possible, the gnnding of hard-facing metal 
deposits should be avoided, or at least kept to a minimum, as it will be 
remembered that hard-facmg metals arc designed for resistance to abrasion, 
of which gnnding is only another form For that reason it is to be expected 
that any hard-facing metal will be relatively difficult to grind regardless 
of the type of wheel used 

Hardness: The property of hardness represents one of the most 
important characteristics of hard-facing metals It is so important, in fact, 
that the hardness of the metals is checked not one or twice a day, but 
continuously. Obviously, if hardness is so important, then the manner or 
method by which it is determined is of similar importance. 

So many factors enter mto the accurate determination of hardness that, at 
best, results are but comparative. When it is considered that the tensile 
strength, the elasticity and the compressibility of a metal all exert an influ' 
ence upon its hardness, it becomes increasingly more difficult to determine 
which of all the methods of determination is best suited for any specific 
problem. After careful study and many tests, many manufacturers of hard^ 
facmg metal deposits and welders have standardized upon the Rockwell 
instrument, C scale for determining hardness. This method of determination 
has proved best, because it has given constantly correct results over a period 
of years. This applies only to hard-facing metals, that is, those metals which 
show readmgs of from 40 to 70 Rockwell C* — ^Tests made by other methods 
of determmation do not give consistent; results, because the accuracy of 
these readings, at least so far as hard-facmg metals are concerned, depends 
upon the size and thickness of the deposit as well as the thickness of the 
parent metal 

Newspaper Advertisements: Following are typical samples of news" 
paper wnteups and advertisements mtended to assist the job welder 
in advertising his hard-metal and hard-faang metal shop facilities In most 
locaEtics the advertisement headed: ‘‘Have your plowshares hard-faced now 
and save $1.00 per set” should be inserted around the first of January. 
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The advertisenient headed ‘‘'Only a. few days left to save moiiey shoulc 
be used betweep February 17 aud March 15 , The remainder of the adver 
Hscments may be used either before or during the plowing season, 

Ad No 1 Headed “HAVE YOUR PLOW SHARES HARDTACED NOV 
AND SAVE $1 00 ON EACH SET”, 

Reading: You can avoid possible delay and save money as well by having you 
plow shares processed dunng the winter season Bring in your shares any time be 
tween now and March 15, We will process them and allow you $1 00 oS per ael 

Act now 

Concluding Job Shop Imprint, 

Ad No 2 Headed “ONLY A FEW DAYS LEFT TO SAVE MONEY^\ 

Reading After March 15 we will charge full pnee for processing plow share 
so you have only a few days left to take advantage of our special offer Bring in you 
shares now and save $1 00 per set* 

Concluding Job Shop Imprint 

Ad No 3 Headed “OUR PROCESS SAVES YOU MONEY ON THESI 
FARM TOOLS”. 

Reading: Our method of hard-facing keeps farm tools sharp— maintains the sue 
tion— and makes them wear three to five times longer than ordinary tools 

You can save money by having any of the following equipment processed in ou 
shop: 

Plow shares, field cultivator shovels, spnng teeth, rasp cylinder bars, sub-soilcra 
middle buster shares, drill disks and many others 

Concluding. Job Shop Imprint 

Know Your Costs — The writer recently had an experience which bear 
out some of the statements made in previous chapters. While visiting a largi 
job welding shop a contractor brought in some power shovel teeth to bi 
rebuilt He asked the shop owner if he was familiar with hard'-surfacini 
and rebuilding this type of equipment. The shop owner stated that he coul( 
do the work and quoted a price which was accepted by the customer Afte 
the customer had left the shop the writer asked the shop owner how hi 
intended to rebuild these teeth, what hard-surfacing material he intende< 
to use and also how he had arrived at the figure which he had quoted. 

The answers to all these questions were somewhat vague and the write 
therefore proceeded to analy2:e the job and to suggest the proper procedure 
The shop owner was sure that the teeth were carbon steel but the write 
very quickly got him out of the notion by trying a magnet on them. Thi 
teeth being non-magnetic showed that they were made of manganese, a 
this IS the only non -magnetic metal that the wnter knew of which is usee 
on this type of equipment The writer then tried to ascertain what type o 
bucket the teeth were to be used on The shop owner did not know Whei 
asked what type of material was being handled by the teeth he was agaii 
forced to admit he didn’t know. When the question was asked as to wha 
type of material was to be used for hard-surfacing the wnter found that hi 
intended to use a matenal which, first of all, was not suitable for applicatioi 
to manganese steel, second, was too bnttle for use on a shovel tooth; an< 
third, was too high in pnee 

By this time the shop owner was beginning to see the light of day. Hi 
stated that he would built the teeth according to my suggestions if I woulc 
consent to talk to the customer over the ’phone and get the necessarj 
information. He said he wanted to do the job nght even if he lost monej 
on It because the customer was a good one and he wished to retain M 
busmess. 

During the conversation with the contractor the wnter found tha 
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Area - t (w / t tan 1/2 ^ ^ 

w 1 1 


Weight of deposition per foot - o*284 X 12t (w / t taa 1/2 
- 3,4t (w / t tan 1/2 5 ^) 


Deposition Hate - (H) 


Volta Required (V| 


Deposition Effiolenoy - (E) Amperes Hequired • (A) 


Stub Effioienoy - (S) 

Overall Effioienoy - (0) 
Operation Factor « (I) 

Speed of Welding per foot per hour - 


Rower Coat per K.W.E* -(P) 
Electrode Cost per Ib.-^ (C) 
Labor Coat per Hour - CL) 

S74t (w / t tan 1/2 ^ 


Weight of Eleotrodea used per foot - 3*4t (w ^ t tan 1/2 d 

Hote: 0 » (B)(S) 0 

Power used 1 

• rr di'jn a vt * W ■ 

!♦ Labor ooat per foot m (L) ^ ^ 

8* Power ooat per foot « 3«4t (w ^ t tan 1/2 qO (P)(V)(A) 

1000 (rJIfV 

3. Electrode cost per foot « (Q) 3^4t ■/ t tan 1/2 C^) 

1 

TOTAL COST (L) 3.4t (w ^ t tan llZd) i 3,4t (w^t tan (P)(V]CA) 
per FOOT « (tTtH 1000 (hT(fV 

/ (C) 3.4t jw d t t&a X/2 d) 

TOTAL COST r “1 


Fig. 12. Illustration of formula In terms of symbols. 


the shovel was the usual type used for general excavatmg purposes, that 
IS, the regular dipper type — ^not a drag line or clam shell The material to 
be excavated was the usual conglomerate encountered in road building 
containing very little rock With this information the writer felt that he 
was in position to get on to the weldmg procedure. 

Since the teeth were worn down about one inch, the shop owner built 
them to the necessary length with a coated manganese electrode. Care was 
taken to peem each layer as deposited and worked on the entire set of sue 
teeth alternately; that is, first a bead was deposited on one side of each of 
the six teeth and then turned over and the operation repeated on the opposite 
side This procedure was earned out very carefully in order to dissipate the 
heat as much as possible. Then the end and one inch on each side was 
surfaced with a coated self-hardening rod applied for a distance of one inch 
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back Tks was not a very large job and the original figure that the shop 
owner had quoted the customer therefore, covered the job \ery well as far 
as the materials were concerned. He was considerably out on his labor cost, 
however, but he was frank enough to explain and admit to the writer that 
the lesson he had learned more than covered the loss 

The wntcr has always tried to impress upon his customers certain basic 
fundamentals regarding hard-surfacing First of ail, one must know the 
kind of metal which is to be welded Second, it is important to know what 
land of use or abuse to which the part is to be subjected Third, a fair pnee 
commensurate with welding and material costs must be charged and a charge 
must be added for the experience and knowledge of the shop owner Fourth, 
quality is never an accident, but is always the result of high intention, sincere 
effort, intelligent direction and skillful execution 

An Accurate Cost System Is Important to the Job Weldiqg Shop — 
Management today is placing more and more importance on cost control 
This applies to the oxy^acetylene welding department as well as the arc 
welding department If you know your true costs, it will help you to translate 
what might be thought of as the "‘expenses’’ of the work you do into terms 
of “money savings ’ for your employers This will create a greater reakation 
of the importance of your work and get your work for your department m 
“competition” with other fabricating methods 

Factors Entering Into Costs of Each Jot» — Basic principles of accounting 
indicate that costs of operating a wielding business can best be broken down 
into three main classifications — (A) Labor, (B) Materials and (C) Over- 
head. Items (A) and (B) are the. direct costs of labor and matenals on 
each job Item (C) is an hourly rate to provide for the general expenses 
of operating the business This must be added to the direct costs of each 
job according to the number of working hours spent on it. 

(A) LABOR— including time of setting up, preparation, preheating, 
grinding or chipping, and actual time working with the welding or cutting 
torch. Helper’s time should also be included Labor charges should be 
reduced to an hourly rate for each, based on his wages The number of 
hours a man spends on a job should be entered on a job record card — along 
with the rate of his pay. These two figures give one the cost of his work 
on that job, and, by adding the labor costs of all men who worked on the 
job, the total labor cost is arrived at 

(B) MATERIALS — (Gases) actual cost of oxygen and acetylene, (dis- 
solved or generated) consumed, m welding, cutting or preheating, including 
delivery costs In some cases a small additional charge per cubic foot is 
necessary to cover possible demurrage charges. If the job is in the production 
or construction of an item, rather than repair, the cost of sheet metal, plate, 
pipe and other such material should be added here. 

Each welding or cutting torch uses a certain volume of gas per hour. 
This volume can be determined or established from the manufacturer or 
from tests of your own Simply multiply the hours of use by the rate per 
hour of the torch in question and you have the volume of gas consumed 
on that job In welding, approximately equal volumes of oxygen and 
acetylene will be used, so that, only, needs to be figured Since the cost, 
that IS the unit cost is known for both oxygen and acetylene (which must 
include cost of delivery and demurrage on cylinders, if any), it becomes a 
simple matter to determine the gas costs on any job. 

If the acetylene is produced in a generator, costs per cubic foot can 
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be iigured on the basis of a 4^/2 cubic foot of acetylene yield per pound 
of carbide Some shops figure not only generator maintenance into the 
cost of generated acetylene, but also add in their generator depreciation 
rather than figure it into the overhead 

(C) OVERHEAD — includes the following 
1. Rent — heat and office expense and/or building maintenance and real 
estate taxes if these items are available for allocation of costs 
2 Miscellaneous Shop Expenses — fluxes, charcoal, gnnding wheels, carbon 
rods, and, on ordinary repair jobs, pipe and pipe fittings, or steel On large 
jobs these items sometimes can be measured easily enough to be charged 
directly to the job. However, on run-'oDthe-shop work it is often impractical 
to try to figure out the cost of such items as one or two weldmg rods, a 
little charcoal, or a fraction of a grinding wheel, so that all these mmor 
expenses can well be lumped together under ""Overhead""’ 

3. Insurance — covenng the shop and equipment, also Workmen’s Compem 
sation and any other insurance carried 

4. Taxes^ — such as social secunty and other taxes incidental to doing business 

5. Power — electncity for operating lights, grinding wheels, and other such 
equipment. 

6. Depreciation — a most important item Each time a job is completed, part 
of the life of the equipment involved has been ""used up”. This item should 
include all equipment in the shop which has to be replaced, such as weldmg 
and cutting torches, tips, regulators, machines, jigs, and other tools and 
fixtures 

7. Pickup and Delivery Costs — transportation, trucking, specifically charge^ 
able to department 

Overhead usually can be handled best by reduemg it to a ""unit” cost 
per hour To do this, a careful record of all expenses listed should be kept 
for a test period of any one typical month, or better still, a whole year. This 
total amount thus obtained should be divided by the total working hours 
m the test penod (a month or a year) and the result will be the hourly 
overhead factor. This cost factor can then be added to the labor item For 
each hour of labor charged against a job, the hourly overhead factor should 
be added m also. It is well to check this overhead cost unit regularly, as 
business conditions change 

If these things are done, a true record of the job cost will result. Operate 
ing under such a system, with a reasonable volume of work, any weldmg 
department is bound to make money. 



Hg. Elficienf 




574 


STUDIES iN ARC WIELDING 


Some jobs require so little time and such a slight consumption “f 
that a cost record is impossible to keep. Yet the mere taking, handling an 
retummg of a job-no matter how small-costs more money m overhead 
usually shiuld not be overlooked. For this reason, niany shoP® set up 
a minimum charge— the amount dependmg on local plant , 

References to the job record cards of past work frequently will Produce 
cost figures on some similar job which will make cost estimating both easy 

^ Large shops sometimes set up a cross'reference card system. They have 
a separate card for each class of work, and as jobs are completed they enter 
the job numbers on the proper cards. In this way they have an accumulating 
record of all jobs done in any one classification, without disturbing the 
numencal order of the job record cards m the mam file. 

Some shops make a rough sketch of every job on the back of each job 
record card and add pertinent data, such as the sme of the article made or 
repaired, the extent of the welding and cutog performed, or any 
sem difficulties that had to be overcome Other shops take a snapshot of 
ea ch job and file it with the job record card for future reference The ^nter 
has taken snapshots progressively as a large job was being handled These 
snapshots are then mounted up m a suitable scrapbook and properly cap- 
tioned as historical data and also serves to impress a likely prospect on the 
up-to-dateness and progressiveness and interest displayed m large welding 
and/or cuttmg operations- 

Establishing Costs for Electric Arc Welding— In electric arc welding 
the costs comprise the cost of labor, electrodes and power 

LABOR — ^the cost due to labor depends upon now many pounds of 
eflFective metal are deposited per hour- or, in other words, how many 
minutes per hour the arc is m operation This time expressed in percentage 
is known as the operating factor Obviously, this operating factor is in turn 
affected by positioning devices, jigs, fixtures and other means of maintaining 

actual weld production ^ ^ -t 

As an example, assume a labor rate of $1.00 per hour and an arc speed 
of 50 feet per hour. Arc speed is the actual rate of travel of the arc and 
may be expressed m inches per minute or feet per hour For different operat-* 
ing factors the following costs result. This relation is shown m the curve 
of Fig 10. 


Operating 

Factor 

% 

Production 

Per Hour 
(Ft per Hour) 

Cost 

Per 

Foot 

20 

10 

$0 10 

40 

20 

0 05 

60 

SO 

0.0333 

80 

40 

0 025 

100 

50 

0 02 


Inspection of the curve in Fig. 10 reveals that the greatest cost reduction 
can be made by maintaining maximum operatmg factor. 

The weight of deposition per foot is calculated by multiplying the cross- 
section area of la-inches and the weight of steel per cubic inch — 0 284 pounds 
— Deposition rate is the amount of electrode deposited in cubic inches per 
minute of arc time. 

Deposition Rate — is determined in the following manner for the particu- 
lar electrode to be used. The weight of the electrodes used minus the weight 
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of stubs gives the weight of electrodes actually used or consumed. The 
weight of the deposited metal is then subtracted from the weight of elec^ 
trodes to give the spatter loss, which consists of flux, core and stub losses 
It will be noted by observation and record that reverse polanty electrodes 
have greater spatter loss than straight polanty electrodes Thus, the per- 
centage of spatter loss is then determined. The rate of deposition per second 
will be the weight of metal deposited divided by the total welding time m 
seconds Then the rate of deposition per second could be converted to the 
rate per hour by multiplying the results by 3,600. 

Fig 11 offers a table which has been compiled for the rate of deposition 
m pounds per hour of different grades and sites of electrodes, organic and 
mineral, identified by A.S.T M and A W S specifications In Class I (the 
all-position electrodes) the rate of deposition in flat, vertical, horizontal and 
overhead positions will be approximately equal; the flat welding positions 
maintaining the slightly higher deposits, due to less spatter losses. Class II 
electrodes are used m only flat, downhand, and hontontal fillets. 

Deposition Efficiency — Finally, the deposition efficiency is found by the 
ratio of the deposited weight of metal to the weight of electrodes consumed. 
The minimum average deposition efficienaes of electrodes, sites J/g-inch to 
55 to 65 per cent, identified by the foregoing specifications. If a 
closer check on cost is desired, tests may be made with the electrode specified 
for a particular job to obtain the ratio of the deposited weight to the weight 
of the electrodes consumed. The difference will be very small and, therefore, 
have little effect on the total cost Another way of securing the deposition 
efficiency is by subtractmg the percentage of spatter loss from 100 per cent. 

From the following data on deposition rate, the stub efficiency is ascer- 
tained. The stub shall be 2*'mches average length from every 14- and ISnuch 
electrode The stub efficiency factor shall be 85 7 and 88 9 percent, 
respectively Then the over-all efficiency is found by multiplying the deposi- 
tion efficiency by the stub efficiency 

Operation Factor — ^The operation factor affects the speed of welding, 
labor cost and power cost. The operation factor is the ratio of actual arc 
time to the total pay time The operation factor has a wide range, from 
25 to 35 per cent or greater, depending upon the design of structure and 
working conditions. In production weldmg, this factor is probably considered 
higher. In determining labor cost one must consider every person involved 
in the completion of the welded joint — ^the welder, his helper, foreman, 
engineer — and the job welders general overhead cost. All these items will 
tend to bring the labor cost per hour very high. The speed of weldmg will 
vary according to the site of electrode and the position of welding. 

Power Cost — ^Usually the speed of weldmg will be greater in shop weld- 
ing than in field weldmg due to the fact that shop weldmg is generally 
performed downhand or in the flat position, while field weldmg may combine 
flat, vertical and overhead positions. Also the site of electrode used in the 
field is generally smaller because it is easier to handle. Therefore, the cost 
of shop welding will be less than field welding. Regarding power cost, it 
is known that welding motor-generators are more stable than the gas 
engine generator sets. The former is used mostly in shop welding while me 
latter is used in field welding. 

The cost of power per kilowatt hour (P) multiplied by the weight of 
deposition per foot, tames (V) volts, times amperes (A), and then divided 
by the deposition rate (R) 1000 and the operatton factor (F) will determine 



576 STUDIES IN ARC WELDING 

the total cost of power per foot of weld, simplified by the following formula. 
Power Cost Per Foot — 

(P) X (V) X (A) (weight of deposition per ft ) 

(R) 1000 (F) 

= the total cost of power per foot of w’eld. 

One must consider the consumed power while the electrode is not in opera- 
tion in order to turn over the generator in an idling stage This consumption 
of power vanes from to % of the actual arc power used In transformer 
equipment this condition does not exist. 

The cost of electrodes per foot is determined by the weight of deposited 
metal per foot multiplied by the cost of electrodes per pound divided by 
the over-all efEciency This cost of electrodes will vary with every job, 
usually depending on the sire of the electrode to be used and the position 
of welding. 

Summary — Combining the factors just discussed, the job welder can now 
develop a common cost formula for the individual groove in any welding 
position. The thickness of plate and the opening of the groove may vary, 
but this vanation does not effect either the cross-section area or the total 
cost formulas The values have only to be substituted into the common 
equations. In Fig. 12 the formulas are illustrated in terms of symbols Thus, 
the cross-section area, of the weight deposited per foot and the total cost 
per foot, may be determined. 

Estimating Welding Designs for Arc Welding — Risking repetition the 
wnter is offering a few straightforward suggestions in estimating any welding 
design. The followmg factors have to be considered' volume of welding, 
deposition rate, deposition ejffiaency, stub efficiency, over-all efficiency, cost 
of power per kilowatt hour, electrode cost per foot, labor cost per foot, volts 
and amperes, and operation factor. Summarising these, there are just three 
main factors, namely, labor cost per foot, power cost per foot, and electrode 
cost per foot, which will be combined m one common formula. 

Estimators and draftsmen in industrial plants, shipbuilding, etc should 
develop a greater knowledge of welding cost in order to have a more accurate 
cost figure when submitting bids for a particular j'ob, the reason for this will 
become more obvious as competition increases. 

In standard type grooves, the use of standard formulas is established 
for the cross-section area of the welded groove The opening of groove and 
the thickness of any plate now may be applied to these formulas to determine 
the cross-section area of weld metal for a given groove. The reinforcement 
of the weld and the penetration in the backing strip and sidewalls of the 
groove must be given some consideration in respect to the volume of deposit 
of weld mctal- 

A definite welding procedure should he set up or established for a par- 
ticular job Then the following factors have to be considered m order to 
compute a more accurate total cost of weld metal per foot 

Jigs and Fixtures — One method of keeping the operating factor high is 
by use of the prdper jigs and fixtures, and by proper set \ip As an example 
of this, assume it takes a welder two minutes to weld a job and two minutes 
or slightly less, to set it up That is a total of four minutes per part, or a 
total production rate of fifteen per hour The use of jigs and fixtures is 
illustrated by providing a helper and another jig. The helper then can set 
up while the welder is welding and the production is increased to thirty 
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units per liour, reducing the costs materially. A production of fifteen parts 
per hour requires a jig, a welding machine and a welder, whereas thirty 
l^r hour requires two jigs, a weldmg machine, one helper and a welder. 
Cost reduction is obvious because the second fifteen parts are produced at 
the cost of one jig and one helper, (See Fig. 13). 

Another factor affecting the operating factor is the matter of working 
position The work should be positioned so that it is easy and convenient 
for the welder to weld For example, suppose the operator can always weld 
in the down^hand position. The speed will then be, say, 26 feet per hour. 
If, however, it is necessary to weld it m the fillet position, the speed may be 
only 11 feet per hour, (actual arc speeds). 

Reduction of labor cost can be accomplished by obtaining a high operate 
ing factor and by the use of proper jigs and fixtures, obtaining proper 
positioning so as to make it possible to obtam high speeds. These factors 
are particularly controllable in welded fabncation. 

Keeping Cost or Cost Records — It is one thing to ‘’‘know your costs'*’ 
but it will avail itself of no use if proper records are not maintained. Whereas 
general accounting shows merely the total profit or loss of the business as 
a whole, cost accountmg discloses the profit or loss on each unit, whether 
job, special order, product, class of product, operation or process. It is this 
accountmg for units that distinguishes cost from general accountmg 

Before costs can he properly recorded and intelligently controlled, the 
nght basis of costs must be established. More cost systems fail because 
wrong bases of cost have been established than for any other reason, because 
they lead to mcorrect costs 


FUBCBASB RSa^ISTION 


lOJlSSR 


DATE 


To the Pupohaslng Agent: The following material 
Is required: 

NOTE: Each requisition should contain joaterlals 
whloh are lllcely to come from one source only* 


C^tJANTlTrl 


DESCRimON 


TO b:: used for- 


1C® NO. 


When Needed 


To be Delivered at. 


Foreman's Approval; 


SIGNED. 


Fig. 14. Purchase requisition. 

PURCHASING AND RECEIVING 

Purchasmg — Not enough attention is usually paid this important phase 
of a job welding busmess. Many concerns place their orders for material 
verbally and fail to confirm m writing, others fail to mstitute a proper and 
complete purchase order system In order to assure that a proper and com- 
plete record is made of every transaction effecting purchases it is necessary 
that the following forms be used in accountmg (covering purchases and 
receipts), all of whidi are adaptable to the commercial welder or job shop; 
in accounting for matmals in cost records 
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L Request for purchases (purchase requisition) Fig 14 

2. Purchase order (on the vendor) Fig 15 

3. Record of receipt of material (receipt voucher) . 

4 Purchase record (or register used as a history of the past and act 
as a guide in current buying). 

The ‘"purchase requisition,'" or “field requisition," as it is often termed 
onginates with the welding foreman It is usually prepared in duplicate 
original to the office manager or other employee designated to do the buym^ 
and the duplicate remains in possession of the foreman as a checkup oj 
followup on purchasing. This form, (See Fig. 14), is believed to be self 
explanatory — ^The ‘"purchase order" should be prepared from the “pur 
chase requisition" in five copies, the onginal is mailed to the vendor, th( 
duplicate is retained by the purchasmg agent, the triplicate is passed alon^ 


KIRCHiSB QRDEH „ a 

JSu. AO 

TODH WSLDING COMPAHY . 

DATE; 

PRIDES F.O.B. TEimS ^RECi.BY ^APP*D 

SHIP OR COMSIGN 

DELIVER VIA US AT 


KIIIDLY EITBR OUR ORDER for tho Items described below, 
at prices noted» per Inatruotlone hereinabove set forth 




m: 

INSCRIPTION 

Wf 

PRICE 

AI.1DUNT 

No 

toj T 

lie wrJ 
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to the accountmg section for later matching up with approved invoice: 
before plaang mvoices in hne for payment, the quadruplicate copy is giver 
to the storekeeper in order that he may be acquamted in advance of th« 
material ordered and to provide checking facilities and the quintuplicat« 
copy is gjLven to the welding foreman or person originating the “request foi 
purchase m order that he may have definite knowledge that the matena 
has been ordered and the source of supply. This form, (See Fig 15), is alsc 
believed to be self explanatory. 

The ^ chief record used in the receiving or stock room is the “receipi 
voucher" which should be issued in dupheate — one copy sent to the office 
and the copy retained m the stock room where it is filed after postmg the 
receiving information to the stock ledger record. 

Merchandise sold from stock should be listed on a “sales ticket" in tnpli 
c^e, the original delivered to the customer, the duplicate turned into the 
office for entry in the journal as detailed under “office management". The 
triplicate is retained in the stock room where it is filed after posting the 
shippmg or delivery information to the stock ledger card. 
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Where much of the work is handled by more than one man, it is weU 
to onginate an ‘‘order for work’\ (See Fig. 16) On this form which is 
issued m duphcate is inserted the shop order number. The “order for work 
IS issued to the welder by name and it is dated A description of the work 
to be handled is incorporated in the body It is usually prepared on a register, 
however it may be padded, and the order for work is signed by the welding 
foreman. The ongmal is given to the welder and the copy remains in the 
register to be used at a later date for statistical mformation and record keep- 
mg insofar as maintaining cost data is concerned on mdmdual jobs. 

The matenals used, descnption or work, traveling time and other expense 
IS noted on the “shop order \ (See Fig 17), and on the reverse side is mdi- 
cated the time report of each welder having anything to do with the particu' 
lar job, (See Fig. 18) This time is then summarized and a recap is offered 
directly below on Fig 18 to include total shop time, travel time, expense, 
matenal, and total amount to be billed. 

The “order for work” (original copy) is then filed by Job No and 
destroyed after one year The customer’s invoice is constructed from the 
“shop order” and posted directly to the “accounts receivable ledger”. The 
“shop order” is filed by customer name and retained along with the mvoice 
(posting copy). However, if so desired and as a cross-reference, the invoices 
may be filed separately by invoice number in numerical order and the shop 
orders may be filed by customers' names in a separate shop order binder hy 
months. 

Accounting for Labor — ^Accounting for labor in the shop, payroll, office 
and m connection with overhead charges or costs, should have the following 
objectives* 

1. To determme wages due each worker in order that payrolls can be 
prepared, and so that no worker will be paid more than he has earned 
(Refer section captioned “Office Management, Compensation Rec- 
ords”) 

2 To determine labor costs by units, operations, etc so that proper direct- 
labor costs can be entered on cost sheets 

3. To obtain data for calculatmg overhead expenses. 

4. To procure information for proper control of labor costs. 

The “time card” is the essential form used to reach the foregomg objec- 
tives. Time cards vary accordmg to the bnd of labor mformation desired 
and the wage system in use, particularly the latter There are two chief 
kinds of time cards— one for direct or productive work and another for 
indirect or non-productive work The first indicates the labor chargeable to 
a production order or job ticket, the second the labor that is chargeable to 
a standing order It is recommended that the stock room clerk or welding 
foreman m a small job shop prepare the time cards of the welders. It is 
further recommended that one time card be prepared daily. All time cards 
should be forwarded to the office and there used m drawmg up payrolls 

Fig. 19 illustrates what is generally called a circular percentage chart, 
showing profit and loss statement m percentage of net sales m graphic or 
chart form. The smaller circles at the lower left- and nght-hand corners 
shows the “break-down” of the analysis of miscellaneous expense and the 
analysis of occupancy expense, respectively. 

Fig. 20 illustrates what is generally called a circular percentage chart, 
showing the expense dollar of a welding concern for the year 1941, indicat- 
ing the percenuge of each dollar expended in the operation of the business 
to the total 
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The Items of labor and proportioned charges representing 32.5% and 
20% of the total expense respectively, have been broken down by divisions 
to make up the total percentage. 

Many other phases of a commercial vvclder of job shop business may be 
iUnstrated with the use of circular percentage charts to advantage. Com- 
parisons With previous years may be indicated through the use of dotted 
or broken lines following the division of the caption listed and m this 
manner it will be readily noted as to what particular expense items mdicates 
an increase or decrease in the current years as compared with the previous 
year. 

Office Management — Every phase of the business heads up in the office, 
so it IS to the responsibilities of office management that this section is 
devoted. Included is a simple yet complete system of bookkeeping. 

Management is the brains of business Office records are the nerve 
center. Wherever and however management succeeds or falters or fails, the 
facts will show up in the records If the accounting and sales control 
systems are thorough, the circumstances around those facts will likewise be 
registered. The more compact, complete, and revealing are these records, the 
stronger will be management’s control over the business A simple, all- 
inclusive system will aid the executive in coc'rdinating the functions of the 
vanous departments, from office to mechanical maintenance, making for 
efficiency and economy in the conduct of the job welding shop business. 

An inadequate system of accounting and sales control will be readily 
reflected on the profit side of the ledger, in management discord and in a 
continually wavenng sales volume. All of this comes under the heading of 
Office Management, for every detail of the business heads up in the office 
System or non-system flows from office management 


TOUR v/Eimmo company 

ORDER FOR YIOBK 
SHOP ORDER NO. BATE 


TO: 


Desorlptlon of Work to bo Dontf' 


Foroun 


Fig. 16. Order for work. 
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So it IS the purpose of this section to place at the finger tips of manage-' 
ment a simple yet thorough system of accounting and sales control. The 
accounting system will be illustrated where practical. In addition, another 
form for keeping payroll records, with provisions for wages and hours, is 
illustrated and described. The system as described will enable management 
to locate at a glance his weak spots and get in behind them promptly. This 
system, if followed through, will enable follow-through to be launched many 
weeks in advance of the time permitted by cumbersome systems of control. 
In addition, this section places in the hand of Office Management certain 
facts and information of value as reference material. This includes a contract 
form for employees, which is based wholly on legal application. This form 
will be found practical m many shops. Then, too, the application of the 
federal wage and hour law to the job welder, is enumerated for ready 
reference so that it is of invaluable assistance to management. Constant 
reference to this mformation will lift some of the load off management. 
Practical application of certain data will not only enable office management 
to save a lot of headaches, but will promote efficiency and economy. If the 
busmess now employs an obsolete or inadequate system of accounting, a 
study of the accountmg method m this section might be precisely what 
is needed. 

Discussion of the Balance Sheet — ^In years gone by the problems of 
accountancy were very simple compared with the problems of today There 
were no large manufacturing establishments where the accountmg procedure 
called for depreciation on a vast number of different types of assets, or 
where the production process involved long periods of time and expenses 
had to be cut off at a fixed date and where assets were spread over large 
areas. Business was largely private; the business unit was the proprietorship 
or the firm. 

Evolution of Accounting Principles — ^The first accounting firm was 
organisjed m the United States in 1883 and accountancy was concerned 
more particularly ‘'"with straightening out mixed-up books”. Not until the 
turn of the century did the field of accountancy gradually become more and 
more concerned with adequate, reliable records In this process, standards 
gradually became more and more desirable The same accounting problem 
often would be handled in a different manner by different accountants, a 
pohey which was and still is not particularly helpful to investors, creditors, or 
business analysts. Accountancy is still gomg through the stage of arriving 
at a uniformity or standarduation. One accounting firm will charge a write- 
down in mventories to surplus, and another will make the charge to net 
earnings. One accounting firm will set up the cash surrender value of life 
insurance asset in the balance sheet and another will set it up as a deferred 
asset One accountmg firm will set up the current yearly installment of a 
funded debt as a current liabihty, and another will allow it to remain as a 
deferred liability in the balance sheet. 

Accountancy, like the medical profession, depends upon individuality. 
As we have all experienced one doctor will prescribe one method for a cure, 
while another may have an entirely different approach for the same illness. 
Many accountants now distmcdy advocate the belief that a balance sheet 
should well mgh speak for itself. The balance sheet should be presented 
in such a form that it can satisfactorily stand by itself without detailed 
reference to an accompanying report. Therefore, balance sheets should be 
more informative* than the average present condensed form. An effort 
ahould he made on working toward a fully descriptive balance sheet for 
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Fig. 17. Shop ofdor. 

all business including the commercial welder or job shop However, each 
type of business necessarily has different needs from the standpoint of pre^ 
seating its finanaal condition and m many cases the same type of business, 
because of size, has different problems ^^ile it is not possible to get abso^ 
lute uniformity in statements for each division of trade, there should not 
be such a wide variation m the Job Weldmg Shop, so as to preclude or 
make impossible uniformity in the preparation of balance sheets. 

All balance sheets should be set up so that the computation of such 
items as current assets, current liabilities, fixed assets, inventories, would 
be uniform. In the same way profit and loss statements, and surplus accounts, 
should be so set up that the computation of net profits in all cases would 
be on the same basis. 

What Books to Keep and Why — ^It is the writer’s purpose to design the 
particular form and arrangements to make the bookkeeping system fit the 
needs of a commercial welder or job shop. 

Books of Original Entry — ^Every financial transaction can be recorded 
in the form of a journal entry Transactions occur on cither a cash or a 
credit basis According to this twofold classification the journal is sub' 
divided into two parts, one employed to record cash transactions and the 
other to receive all other transactions. On the basis of this classification it is 
customary to subdivide the original journal into two separate books, one 
the ‘‘general journal”, in which all entries except cash are made, and another 
known as the “’cash journal”, m which cash transactions only are entered. 
The two journals required to record cash receipts and disbursements, re' 
spectively, arc usually combined m one book, known as the “cash book”, 
the pages for each alternating throughout the book Cash receipts are 
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entered on the left-hand page and cash payments on the nght-hand page. 

Fimctioiis of the Cash Book — ^The cash book takes the place of a detailed 
cash account m the general ledger, only the total receipts and payments 
being posted periodically to the cash account m the general ledger 

The Ledger — ^The ledger is a record in which accounts are kept There 
are two general classes of accounts — real and nominal ^’’Real accounts** 
record assets, liabihties, and ^'nominal accounts’’ record gams, expenses, 
losses The account is designed to bnng together all items relating to that 
account, and represents a summarization of this data. Items on one side 
of the account represent additions Those on the other side represent sub- 
tractions The difference between the two sides of the account is the balance. 
If the excess is on the left-hand side of the account, it is a debit balance; if 
on the nght-hand side, it is a credit balance. The ledger accounts taken 
together form an equation similar to that represented by the balance sheet 
or finanaal statement. 

Subdivision of Ledgers — single general ledger suffices only in the case 
of a small commercial welder or job shop It soon becomes necessary to 
segregate certain classes of accounts in subordinate ledgers; the accounts thus 
treated first are in most instances those with customers ‘ accounts receivable 
ledgers*’ and with creditors, “'accounts payable ledgers’*. All other classes of 
accounts are set up in what is known as the ‘‘general ledger'*. As to rulings, 
ledgers are standard, and balance. “Standard rulmg” has two duplicate 
parts, debit and credit, division hne usually being in the center of tie page. 
“Balance ruling" is a three and four column ledger with money columns 
either at center or at the nght-hand margin, or at both center and right-hand 
margm. Extra columns are for account balances. If balance is usually either 
a debit or a credit only one balance column is necessary; but if the balance 
is apt to change from a debit to a credit, or vice versa, both debit balance 
and credit balance column should be provided. This form of ruhng is par-* 
ticularly useful for personal accounts which require that the balance be 
kept uptodate 

As to “bindings**, ledgers are solid-bound, loose-leaf and card. Loose- 
leaf and card ledgers possess greater flexibility than do bound books They 
may be arranged according to any desired groupmg and all dead material 
is easily discarded or filed away in reserve binders Removal of leaves or 
cards makes it possible to subdivide clerical work. 

Closing the Books — To balance the accounts is really a very simple 
matter — ^it consists merely of footing the debits and credits, finding the 
amount by which the one side is larger than the other, adding this amount 
to the smaller side “to balance", and bnnging the same amount down on 
the other side to serve as the new startmg pomt, or balance. 

The accoimts are now listed as they appear on the ledger, showing the 
debit balances in one column and the credit balances in another. Such a list 
or statement of ledger accoimts is technically known as a “trial balance". 
The totals of the debit balances must always be equal to the totals of the 
credit balances, 

Financial Statements — ^The ultimate objectives of all accountmg are the 
monthly finan<3al reports. Too many reports merely show conditions as 
of a certain date or what was accomplished for a given period They do not 
show what has been done progressively — ^th^ do not show the trend. The 
financial report illustrated in this section indicates the “results" for the cur- 
rent month and the “year to date". This indication of trend makes possible 
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for managemciit to plan for the future. This is most important to Job 
Welders because of the seasonal nature of the business m some localities. 
The reports consist of: 

L The Balance Sheet (in two sections): 

a. Statement of Assets 

b. Statement of Liabilities 

2. The Profit and Loss Statement (m three sections) : 

a. Summary Profit and Loss Statement 

b. Manufacturing Statement (w^here fabncation or manufacturing of 
parts IS specialised m — ^in the Job Welding Shop) 

c. Expense Schedule. 

Figs. 21 and 22 illustrate the statement of assets and the statement of 
Habihties. They are arranged to show, in addition to account balances, any 
increases or decreases from the previous month 

The ^‘summary profit and loss statement**", (See Fig. 23), is arranged to 
show gross profit on: 

a. Apparatus and Supplies Sales 

b. Job Shop Work (Repair Jobs) 

c. Electric Arc Welder and Other Equipment (Rentals) 
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The figures for (b) and (c) are, of course, taken direct from the general 
ledger The cost of apparatus and supplies sales is taken from the '’^manti-' 
facturmg statement’’, (See Fig. 24), net operating profit is obtained by 
deducting delivery, selling, and administrative expenses from total gross 
profit These expenses are detailed on the ‘"expense schedule”, (See Fig 25). 

The summary “profit and loss statement”, the “manufacturing states 
ment”, and the “expense schedule” are arranged with columns to show both 
current-month and year-to'date figures, and the percentage m both cases 

Compensation Records — Social security and wage-hour legislation re* 
quires that a record be maintained for each employee in addition to a record 
of all wages paid and the deductions for federal old-age annuities. Fig. 26 
IS a convenient form for compensation records Inasmuch as it is a requisite, 
also, that each employee be supplied with a statement of his earnings and 
payroll deductions, either annually, semi-annually, or at the end of each 
pay penod, a small form of earnings statement headed “pay-roll remittance 
voucher” is illustrated in Fig. 27. Both Figs. 26 and 27 include full detais 
about the employee and are easily exhibited for inspection when government 
representatives make scheduled or pop calls. It is also readily accessible to 
the management and provides prompt mformation on an employee. 

Through followmg the preceding discussion and illustrations carefully 
one finds himself m possession of the principles of bookkeeping as may be 
successfully applied to all commercial welder or job shops. A good rule to 
observe is “never to make the business fit mto a particular bookkeeping 
system”. 

Buying for the Office — In general “Don’t use the same expensive pur^ 
chase routines that are required for raw materials, equipment, etc, when 
buying oflEce supplies, janitor supplies, and other miscellaneous classifications”. 

It is the job of the local stationery-man to assist with materials and 
methods in order that the Office Management may operate more efficiently. 

It has been said that a business without its papers has lost its memory. 
Such a viewpomt places proper emphasis upon the value of the service 
rendered by files But, much depends upon the “system” used And equally 
important to earnings, are the supplies that compnse the “system”. 

Inadequate indexing, bedraggled guides and folders, cause far more filing 
errors than unmtelligent handling on the part of a file clerk. It follows that 
if a business suffers from misfiling, from actual loss of or documents, 

the remedy probably lies in improvement of the tools needed. One cannot 
expect first-class filing service from second-class filing equipment. Files can 
pay excellent dividends in convenience. Executives and clerks who are 
served by files, soon react to the results they deliver. Prompt, complete 
reception of needed material tends to prompt completion of every task 
assigned. Delays provide ready excuses for slowed-up work. It pays for 
the commeraal welder or job shop to investigate filing conditions thoroughly. 

Stationery Requirements for the New Year — ^The following list should 
be checked carefully for the routine things that are usually required at the 
beginning of the year — 1. Accounting Forms, 2. Calendars, 3. Daters, 4 . 
Dianes, 5, Filmg Supplies, 6. Inventory Supplies, 7. Transfer Cases. 

Credits and Collections — Productive results in the credit and collection 
end of business may largely be attributed to an effiaent credit executive, 
whether it be the manager or his derignated credit man in the job weldiag 
shop business. 

In the earlier pmod of our eccmomic history, the purely industrial elc- 
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lEciits of our economic life were concerned cliiefly with the provision of 
food, dotting and shelter. Business organizations were small then; invest*' 
ments of capital were not great and the supervision of business operations 
was not difficult Then, credit granting was largely a matter of personal 
relationship and credit learning was limited to every man s common sense, 
unproved by easy expenence. 

But times have changed. Great and rapid changes in world affairs have 
much to do with the possibilities of business success or business failure. All 
of this has considerably reduced the margin between unsuccessful and 
successful business operation and to the extent that this margin has been 
reduced there has been a corresponding increase m the responsibilities of 
the credit executive. In the present disturbed state of industnal management 
a credit executive must possess a host of knowledge. 

Eirst among them may be named — correctness and precision m the use 
of English This may sound rather elementary but it is not. The credit man 
who keeps himself informed on good usage and taste in English benefits 
the business he represents and the credit profession. He who is efficient m 
credit management must possess the quality of being able to speak and write 
interestingly, convincingly and briefly. His letters must be direct, discreet, 
wmning and ordinary conversation with customers and business associates 
must hold attention and gain information 

Secondly, an efficient credit man must have good manners which are the 
expression of fixed habits of thought and action. Credit departments of any 
busmess managed by roarmg Simon Legree’s have wrought appreciable 
finanaal injury to the firm they represent. Goodwill values accumulate with 
the years and the customer never forgets And competition is so keen 
today and merchandise is so standardized and there are so many places 
where one's wants can be supplied, that the success or failure of a business 
may rest largely upon a single factor of employee-'courtesy 

As a third evidence of efficiency is named the power and habit of reflec-' 
tion. Training and cultivating the mind through the power of habit and 
reflection will produce ideas of real value to the credit man in his daily 
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Fig* 21* Statement of assets. 

work. He may not always be able to determine the absolute truth, but a few 
minutes spent thinking about a matter may bnng surprising results. Serious 
mistakes may be avoided, new ways of working to better advantage may be 
gamed, new opportunities for ‘constructive effort may present themselves 
unexpectedly to the mind. 

As a fourth evidence of effiaency may be named ‘"initiative”. Initiatiyc is 
the ability to reason out a course of action and to take that course decisively 
and energetically. It is one of the basic elements of business success. Without 
It, no credit man, of all persons, need hope to travel far. It is wise to 
encourage initiative. 

As a fifth evidence of efficiency may be named the power of ^wth. 
The power to grow comes from getting away from the narrow limitations 
of one job. Everyone* cannot help experiencmg a certain narrowing effect 
from his daily work. If wc do not guard agamst this the mind trained to 
a point CTystalUzes, as it were, and refuses to grow. How to get away 

from “one jW’? The answer seems obvious. For every vocation mcluding 
the job welding shop business there arc trade journals, group discussions 
and mectmgs of various types which are faalities for growth. For the voca- 
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tim, of credit managemeat there is a trade journal of superior excellence — 
credit and financial management. In it the credit man will always find 
patches of fiuit-beanng knowledge directly helpful to him. He may be 
enlightened and broadened by an editorial. Attendance at meetmgs of his 
local Association, participation in credit group activities — all enables the 
credit man to gain knowledge, keenness of mmd and breadth of vision. The 
credit executive who lives only m the narrow world of his own experience 
will be narrow in his ideals and aims He will lack the power of growth 
As a sixth and final evidence of effiaency is presented — ^the right objec^ 
tive. It IS not enough for a man to know how to work and to work hard — 
he must work m the right direction Misapplied and misdirected energy 
reduces the power to do The pnmary objective of every business is to 
cam a profit. Everything else is secondary ‘Tosses” may, and frequently do, 
damage profits. So the vital objective of the credit man’s j*ob is to maintain 
as nearly as humanly possible a balance between ‘"nsk” and the profit-value of 
a business offered. If this were not so there would be little future for credit 
executives. It should therefore be the primary object of the credit man 
to guard profit with every means at his disposal. 
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There is an old, but nevertheless true, saying — that the job is never 
completed until the account is collected The credit man must be particularly 
wat^ful to keep his accounts paid up and liquidated Frozen assets prove 
embarrassing, if not fatal Recognising the importance of this situation, a 
senes of collection letters is offered in an effort to ‘Turn the trick’’ and 
'■‘keep customers smiling”. Three short form letters are offered (Refer A, 
B and C) together with a form letter suggesting the transfer of an account 
to other hands for collection (Refer D) Then follows a 4x6 suggested card 
“‘Record of Collection Activity,” (See Fig 28). which ties in with A, B 
and C or the card may be dispensed with and a summantation made on the 
file in much the same form, (See Fig 29) 

Letters A, B and C may be printed in the form of notices and enclosed 
in envelopes (pnnted on post-card site) Either letter or printed notice 
form will be found acceptable. 

(A) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

Your account as of the above date reflected overdue balance in accordance with 
terms as shown on invoices If you have not already mailed remittance, will you kindly 
do so upon receipt of this notice. 

Thank you. 

CREDIT DEPARTMENT 

(B) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

We have not received at this time, your remittance covering overdue account 
previously brought to your attention 

Please forward check now if it has not already been mailed Or, should there be 
any question regarding accuracy of charges, please advise promptly so that we may 
make any adjustments if in order 

Your prompt attention will be appreciated. 

CREDIT DEPARTMENT. 

(C) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

We arc stiU without remittance covenng your overdue account previously brought 
to your attention 

No doubt you have overlooked the length of time wc have granted beyond terms 
shown on invoices Your prompt attention is requested which will avoid the necessity 
of considering a change in terms pending adjustment of your account 

CREDIT DEPARTMENT. 

P. S If remittance has been mailed, bndly disregard the above and accept our 
thanks 

(D) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

Wc have wntten you several letters (or collection notices) without a reply During 
the time that has elapsed ance wc began following you for payment of this balance, 
wc have received no remittance from you to apply on your past due account 

Wc regret to advise that unless we receive a remittance to apply on account by 
ten days from the date of this letter We shall have to arrange to transfer your account 
to pur attorneys for their handling to a swift and satisfactory conclusion 

CREDIT DEPARTMENT. 



590 


STUDIES IN ARC WELDING 


(Vl) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

We are still without remittance as requested in our letter of 

therefore, we have no alternative other than to transfer this balance to our attorneys. 

Wc regret this step but feel that we have shown you every leniency and courtesy 
in the handling of this matter. 

We should like to point out to you again that you may still avoid this step by 
mailing check special delivery to us immediately upon receipt of this letter. 

CREDIT DEPARTMENT. 

NOTE. — A reply to any of the foregoing letters from the customer will necessitate 
a brcakin^^ up of the remainder of the collection senes and handling the account on a 
*^pcr»ona!*^ basis — that is, a direct reply should be forthcoming based upon custom^ 
ex's contention or promise to pay. 

Safety — It takes a hundred years to test out a new idea, or to really 
understand and know the essence of a difficult problem That is particularly 
true when the problem involves the mtncacies of human behavior. Take for 
example, safety! 
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Fig. 24. Manufacturing stotemoat. 


The public, as a rule, does not look beyond the externals The average 
employer still thinks of accident prevention in terms of "'‘stunts’’’. Almost 
any alert safety man can take over an industry, a logging camp, or a canning 
factory and make remarkable reductions in its acadent rates within the first 
years. If safety work has never received serious consideration, the plant will 
be in urgent need of physical improvement. The less expensive of these 
changes will probably receive attention Some of the more glaring unsafe 
practices will be corrected. 

The familiar parades and drum beatings, the p6ster displays and the con-' 
test pressures can be applied m the effort to control acadent losses. These 
stunts have been tried thousands of times. They have a recognised place in 
the acadent prevention program. But they are not the &ial answer m 
makmg safety really a part of the business. 

Take the comparable problem of ‘‘‘quality of goods produced or work- 
manship performed”. Every employer knows that by certain procedures he 
can interest the workers in improving the quality up to relatively high 
standards. But the real problem is not merely to raise quakty to a temporary 
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level; it is to maintain and improve still further the standards of excellence 
to meet the demands of a public that is becoming more and more ^acting. 

The safety man must keep in mind that his biggest task, after ali,^ is to 
establish new and ever higher standards of safety relationships and attitudes. 
He must convince both the employer and the worker that Safety is a 
fundamental part of the operations of the plant, that it is a sound element in 
management that results in operating economies. He must dispel the notion 
that acadent prevention is merely a nice gesture of philanthropy, com" 
mendable but expensive. And he must build up the conviction that any 
product with the stain of blood upon it cannot be a quality product, nor is 
the industry that produces it a quality industry. 

jitter understandmg of safety will come to us as the years roll by. ^ But 
all of us will be helped if we will take time to compare this job of accident 
prevention with other high endeavors in the struggle for the best that life 
aai givc- 

Acddcnt Prevention — ^Accident prevention is not an easy job, it is not 
a job to be accomplished in one brief period and then to be forgotten. If the 
desired results m safety are not obtained, the solution is to go back again 
to the equipment and the processes which may cause accidents, find out what 
is wrong wiA them, and take the necessary corrective action. 

It is true that some companies are able to achieve a very great reduction 
in accident rates in a very short period of time. 

Such successes are clearly the result of unusual ability, unusual cn" 
thusiasm, with a possibly reasonable amount of good luck thrown in. 

These arc the same reasons which produce unusual successes of other 
kinds. If a new company enters a particular industry, and in the course of 
a few months is turning out a better product at a lower cost than companies 
which have been in the field for many years, the answer is ordinarily to be 
found in certain definite qualities of management. 

Long ago someone said that ''safety is like riding a bicycle; if you stop 
pedaling you fall off''. This expresses a fundamental truth. It is just as true, 
however, that in other ways safety is not at all hke riding a bicycle. For 
example, ^ere is nothing routine about aeddent prevention. A successful 
safety program must be varied, and it must incorporate many methods for 
detecting and correcting unsafe conditions and unsafe practices. But the 
keynote of it all is persistence. A three months' safety contest will not 
solve Ae aeddent problem for a year. There is nothing wrong with the idea 
of safety. Tlicse employers who fail to make the idea a reality in their 
businesses simply overlook the fact that the achievement of safety, like the 
achievement of all other worthwhile thmgs, comes only as a result of tenaaty 
and persistence. We must go at this business of safety as though it were a 
life"Iong job — ^which it is! 

Management in the Safety Program — ^The focal point of industrial safety 
is the relationship existing between the employee and his foreman. The more 
safety can be personalu;ed-w-the more it can be continuously presented to men 
by their immediate supervisors, the more the frequency and severity rates 
will drop. 

Management’s responsibility for protecting the worker cannot be over" 
stated. First, there must be a smeere interest on the part of management. 

Second, it is the duty of management to provide safe machines with the 
latest mechanical safeguards. 

Third, there must be good industrial housekeeping — dean plant with 
orderly aisles and other floor space and good stock conations. 
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Fig. 25. Expense schedule. 

Fourth, foremen should be interested and instructed in safety education 
so that they might better instruct the men in their charge and see that none 
but experienced and careful operators are on the job. Foremen should be 
schooled in small groups to insure this. 

Fifth, the subject of safety should be brought forcefully to the attrition 
of the entire organization periodically through the medium of contests, 
safety exhibits or mass meetings 

Obviously, the fullest realization of these five points can only be attained 
when it is translated to the men at the job through the foremen. The problem 
of industnal safety is very much akin to that of highway safety. In the last 
analysis, the human element is the chief factor and reaching that key element 
requires continuous alertness on the part of men and management 

SAFETY IDEALS APPLICABLE TO THE JOB WELDING SHOP 

Goggle Cleaning Unit — ^This can be easily made, A hand lotion bottle 
is mounted on a panel alongside an ordinary ti^e paper dispenser. This 
botde is filled with one of the popular dcaner solutions. 
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Safely RaHings for Hoot Openings — protective railing may easily be 
installed at floor openings to reduce the danger of men falling into them 
The device consists merely of angle irons welded together. When not in 
use the frame is cither lowered below floor level* resting on angle irons 
fastened to curbing and the cover put m place or the frame may be removed 
and set to one side and the cover put m place. The railing or frame is of 
light matenal and is easily handled by one man. 

Slipping Hazard Reduced on Machine and Welding Tables ^There are 
a number of machine tools with cast iron tables on which operators must 
stand in the performance of their duties. After long use, the surfaces of 
the tables wear very smooth, causmg a dangerous slipping hasjard, especially 
when the tables are oily. To eliminate this hatjard, grooves may be cut j/g'inch 
wide, ^^igunch deep and ^/I'inch apart, both lengthwise and cross-wise of the 
table. This does not impair the use of the table as a part of the machine, 
but it does give the operator an improved foothold The method applies to 
any metallic surface on which men stand. 

The Value of Eye Protection — ^The inability of a spot welder to realize 
that his face shield could be used for anything other than protecting his eyes 
when spot welding, resulted in his losing seven days when a particle of weld 
entered his eye as he was shaping the weld with a chisel. The operator 
conscientiously wore his face shield when performing his normal operations 
as a spot welder, but when he had on one occasion to chip off a piece of weld 
with a chisel, he did not appreciate the value of the face shield in protecting 
h^ eyes from this type of flying partide. This accident is typical of many 
wherein the operator fails to carry through his protective equipment from 
the routine job to the occasional or odd job In this particular case, the 
supervisor failed to emphasize the value of eye protection on jobs other than 
the operator’s routine j'ob. 

Empty Drums (Dsingers of Exploding) — ^Many empty drums continue 
to store explosive vapors. The most common of explosions in the welding 
game is the application of a torch in an effort to reclaim the drum for some 
speaally adapted use such as making work^benches. When the torch bums 
through the drum itself it is apt to explode if it contains any remaining 
vapors of several varieties of diemicals. All drums should be thoroughly 
purged before applying heat. 

Insist upon standardization and use of all equipment necessary for safe 
operation, such as goggles, hand shields, safety shoes, and safety clothing 
This is an obvious and essential preliminary to any acadent prevention 
program, but to make effective plannmg of safety it is necessary to tram 
the worker to think safety and work safety, and to tram the supervisor that 
It is his job to help the workman to prevent accidents 

Safety as Practiced in the Job Weldii^ Shop — ^There are some places 
in nearly every plant or shop where it is never permissible to do any sort 
of work which makes flame, heat or sparks For instance, extreme care is 
always necessary near explosive gases or flammable hqmds; and such things 
as smofang, weldmg or cutting torches, electric arc welding, open hghts, 
sparking tools, and every other possible source of ignition must be prohibited. 

Knowing the ways that fires may start is an important step m leammg 
how to prevent them. Heat sufficient to start fires may come from the oxy^ 
acetylene flame itself; from the metals being welded or cut; from molten slag 
and metal that blows or dnps from the cut; and from sparks which fly from 
the work. 
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Some matenals will catch fire from these sources of heat more quicHy 
than others. Flammable gases and liquids, with air or oxygen present, arc 
examples of matenals that would flare up at once Oily waste and rags, 
and light matenals such as burlap, excelsior, cartons, straw and waste paper 
catch fire less easily but bum vigorously once started. 

Wooden flooring, timber structures, scrap lumber, wood chips, tarpaulins, 
rags, and similar matenals are even less apt to catch fire than the others 
mentioned. Yet this is all the more reason why special precautions must be 
taken with these combustible materials. For fires started in them may only 
smolder at first, and then may flare up sometime later — due possibly to a gust 
of air or a natural draft created by the smoldenng heat. 

Heat from the metal being welded or cut may sometimes be the cause 
of fires, if hot pieces of metal are allowed to touch materials that bum 
easily This is more apt to happen in the case of cutting steel and iron, 
because small pieces are often cut away from larger sections and are allowed 
to drop onto the floor or ground The smaller or narrower the piece cut 
away, the more heat it will have absorbed, and the more likely therefore to 
set fire to burnable matenals 

Pieces of iron or steel which may have been heated to a bnght red may 
retam enough heat to start fires for 5 to 15 seconds or even much longer 
under some conditions. Even though the piece may be at a black heat in 
daylight, it can scorch such things as wood or paper and a fire may start if 
there is enough draft. 

The molten slag that drips or blows from a cut is generally more apt to 
set fire to nearby combustible materials than pieces of red hot metal This is 
because the slag is at the temperature of molten steel when it falls, and 
therefore it stays hot longer. However, when the slag drops from a height 
of about 15 feet or more, it tends to scatter and cool more quickly than would 
a small piece of red hot steel dropped from the same height. 
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Sfrarfcs— Because they will often fly in so many directions at once, and be- 
cause they sometimes travel for a considerable distance, sparks from cumng 
or welding must be watched closest of all to make sure they do not set iires. 
A spark is really a httle ball of glowing metal oxide and some of the larger 
ones may retain enough heat to start fires for several seconds after lanctog. 

Sparks which fly from welding work do not usually travel far unless there 
Is wind or a strong draft They are harmless enough if combustible matenals 

are not tm close to the work. ^ , mi i 

Cutting produces by far the heavier shower of sparks The cutting sparks 
travel the farthest and stay hot longest because of their larger size Much 
greater precaution must therefore be taken when using the cutting torch. 

Heavy sparks from cutting work may sometimes travel as far as 25 or 
30 feet away from the point of cutting They can readily set fire to light 
matenals such as excelsior, paper or oily rags. It goes without saying that if 
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Fig, 27. Payroll remittance YOucher. 


sparks should fall into containers holding flammable liquids, quick and 
dangerous fires would be the result Several fires have been started by sparks 
falling into unprotected oil^soaked engme pits. 

But It is most important to realize that sparks which fly away some 
distance or roll along the floor may sometimes cause smoldenng fires if they 
come into contact with matenals that do not ignite readily. Even the ex- 
penenced welder knows how easily cotton gloves start smoldenng due to 
sparks flying from the work. In the same way, sparks which fall on things 
that will burn, even though some distance away from the welding or cutting, 
can also cause smoldenng fires 

Smoldering fires may start by sparks getting into cracks in floors and wood- 
work, or by sparks lighting on matenals such as rags, tarpaulins, paper 
wrappings, wood chips, scrap lumber and worn cushion pads Sometimes 
these fires go out, but sometimes they continue to smolder and may shoot 
up as long as a half hour later. 

Every foreman in charge of weldmg or cutting work knows that when 
this work IS a part of regular production or repair operation, and is carried 
on m the same location time after time, there is small likelihood of fires being 
started There are a number of reasons for this In the first place, fire 
hazards are usually eliminated before welding or cutting equipment is in- 





SECTION VU— COMMERCIAL WIELDING 


597 


H2CQRD OF COiLLECTKW ACTITITr 

form Cl Mailed 


Coverlzn! i 


71)eto 

Month Anoimt 

Fora C2 l&ilod 


Coverlni? t 


Bate 

Month Mmmit 

form C3 Mailed 


Covering? t 


Bate 

Month Aaonnt 

Telephoned Cuat 


Promised 

Telephone Gust 


Promised 

Personal Call 


Promised 

1 Record of Payments: 




Date imount Bal&nc e 



Data Amoimt Balance 

Terms Changed: 


Account Closed 


Date 

Date 


Hg. 28. Record of collection activity. 


Stalled. Any hazards that may be overlooked at first are generally taken care 
of after a short time, and the welding or cutting work is then well safe^ 
guarded. ® 

On the other hand, welding or cutting work done with portable equip- 
ment in temporary locations is much more apt to cause fires, unless suitable 
precautions are taken For one thing, the equipment is used in a wide variety 
of places — quite often places which cannot be made as proof against fire as a 
welding shop Sometimes the fire hazards are not out m plain sight and are 
known only by the local foreman or superintendent. Often an outside con- 
tractor bnngs in equipment, and his men may hesitate to ask for the necessary 
assistance in preventing fires Demolition work presents a serious problem of 
fire prevention due to the general disorder and fitter common on such jobs. 

The facts are that of all fires caused by welding and cutting wjDrk, about 
80 per cent are caused by cuttmg in some place other than a permanent, 
safeguarded location. This will explain why the following recommoidations 
on preventing fires are chiefly about sparks and slag from cutting work 

The facts, too, are that welding and cutting fires are preventable. Com- 
panies who encourage their foremen to enforce these recommendations have 
as low a fire loss record with their portable equipment operated in a permanent 
location. 

Preventing Fires — The safest and surest rule to follow in preventing fires 
is to — 

Keep flames, sparks, molten slag and hot metal from coimng m contact 
with materials that will bum , . . 

Take no chances. Fires can get the best of you at times even if you are 
prepared to put them out. 

Never use cuttmg or welding torches where sparks or an open flame of 
any kind would be a hazard. 

Before you cut or weld m a new location for the first time, always check 
with the nearest foreman or supenntendent in authority ... he may know 
of some smous fire hazard that you might fail to guard against. 

Use sheet metal guards, asbestos paper or curtains, or similar protection 
to keep sparks dose m to the work being done. 

If welding or cr^ng is to be done over a wooden floot — ^Sweep wooden 
floots dean and wet them down before starting work. 
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Be Prepared to Put Out Fires — Always be ready to put out any fire 

promptly witli ire acungoidiers, pails of water, water nose or san . . . ave 
a lidpcr, or one or moie: extra men if necessary, on hand ready to extmgiiisli 

a fire* 

If the place in which cutting is to be done is provided with sprii^er^ 

Maintain spnnklcr protection without fail while cutting or welding is Ixing 
done • . . It IS of special importance to make sure sprmHei^ are wortog 
during extensive repairs or building changes. If spimklers must be shut 
down for a time, have this done if possible when welding or cutting work is 

not m progress. * 

Keep a man at the scene of the work for at least half an hour after 
the job is through . * . have him look carefully for smoke or fire before 
leaving. Don’t forget that heavy sparks from cutting operations somedmes 
fly 25 to 30 feet or more and hold their heat for several seconds after landmg. 

Practiemg Safety with the Other Fellow’s Property— An mcrcasingly 
large number of compressed gas cylinders and other containers, the property 
of the manufacturer, arc damaged in customers shops because operators 
thoughtlessly use them to strike arcs This is a very dangerous procedure, 
tirdy apart from the matenal damage to the cylinders* All operators should 
be cautioned against this practice To reinforce such personal solicitation it 
is suggested that a warning card be displayed suitable for tacking to walls 
or bulletin board, with the following wording prominently displayed* 

DANGER 

DO NOT STRIKE ARC 
ON ANY COMPRESSED 
CYLINDER 

Safety directors where employed in larger shops will appreciate the serious^ 
ness of this suggestion and are urged to assist their customers in instructing 
their personnel, and particularly warning them from unsafe practices. 

Safety Committees for the Small Job Welding Shops— A small job 
wddmg shop with limited personnel is considered as bemg an organisation 
where employees ordinarily work in one department and where the manager 
or owner has no assistant to whom he can delegate partial responsibility for 
various problems of management. Such a plant or shop should have what 
is known as a “shop safety committee”. This committee may be composed 
of three or more of the following: (1) Manager (a person in the shop 
with the most authority) ; (2) Superintendent, (3) Foreman (one or more) ; 
(4) Welder (one or more); (5) Safety Engineer, and/or the Purdiasmg 
Engineer or Office Manager. The foreman and the welder should rotate 
in office. 

The duties of a plant safety committee may be outlined as: (1) Cover the 
entire field of acadent prevention. (2) Handle all legislative and executive 
matters. (3) Fire protection and sanitation mspections. (4) Inspections for 
ha;tardous and xesultmg recommendations. (5) See that new and old employees 
are properly mstmeted as to the hazards of their respective jobs (6) Meet 
at least once a month. ( 7 ) Keep an orderly and constructive record of the 
minutes. (8) Turn the minutes over to the manager or other designated 
authority for review. (9) Invite the manager to attend at least some of 
the meetings. His presence will indicate his support. (10) Type, write or 
print safety bulletms when as and whereas necessary and display them 
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prominently on bulletin boards In these bulletins promote "’“safety education \ 
Brief month by month notices may be setup and detailed or bnefly commented 
upon as follows — 

JANUARY — ^Maintenance and Repairs 

The maintenance men who keep the plant safe for the rest of the organ" 
njation are themselves exposed to many hazards. They should be reminded 
to: Stop all machinery before lubricating or making repairs Be sure that 
electric Imes are dead. 

FEBRUARY— First Aid 

Why do men delay reporting minor injuries for first aid treatment. 
Populari:?e the first-aid department. 

MARCH — Adequate Instruction 

"Ignorance of the law excuses no one”, is an old legal saying. Ignorance of 
safety rules won't keep a man from accident. Every worker is entitled to 
thorough instruction in the safe methods of working and the shop foreman 
should make sure his welders and helpers imderstand the instructions before 
going ahead. 

APRIL— Hou^ceping 

Keeping the shop in a neat and orderly condition is a never^endmg job— 
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it will help to check frequently for dirty areas, otetracted aisles, defective 
floors, broken stair treads, etc. 

MAY — Hand Tools 

Hand tools receive a lot of punishment, even when used by skilled, 
careful workmen. They can't be inspected too frequently if all defective 
tools are to be detected before they cause trouble. 

JUNE— Health 

Summer heat brings discomfort. Emphasiite the precautions essential to 
personal hygiene. Explain the value of salt tablets in maintaining health 
in hot weather. 

NOTE — Follow through on the remaining months in much the same order. 
Topics may covered to include (1) Electric Equipment (2) Preparation 
for Winter (3) Personal Protection (4) Heating and ventilating equipment 
(5) Inventory — in connection with this last heading it is a fact that the end 
of the year is the time for stock-taking and a safety department might well 
check up on its organisation, its equipment, its successes and its failures. 
Changes or additions that will increase the effectiveness of the program may 
be considered. Start work on plans for the new year and invite suggestions 
for new safety activities. 

Never in the history of our country has there been a greater consciousness 
of safety. We are spending billions of dollars in order to save our country 
and its democratic ideals. Safety on the seas, safety on land and in the air 
is a paramount issue in the minds of the American people and its govern' 
ment. In order that the seas, the land and the sky are prepared for defense 
of our country the mudsiU of it all is on the shoulders of the industrial 
workers. If this be true, then it is the patriotic duty of both the employer and 
employee to magnify the importance of Safety. Speed is the cry of those 
interested in the production of war materials. Haste is necessary, and because 
of it there are more opportunities for accidents. An injured workman cannot 
produce. We should, therefore, determine that safety shall, at all times, 
prevail in our plants. 

"‘We should think and act for safety”! 



Cliapter H — Organizatioii of Garage or Service Station for Arc 

Welding 


By Clarence McClellan 

Director of V/elding, McClellan Sons Super Service Station, Menomonie, Wise, 



Subject Matter: Tbe garage located in a community under 
10,000 population has a better chance for success in arc welding 
than the garage located in a larger community. The shop de^ 
scribed has sufficient equipment to do a wide variety of autO' 
motive jobs as well as outside welding which amounted to 38 
per cent of the total welding business. 


Clarence McClellan 


The advancement of welding in all fields of production and construction 
of machinery, including the automobile, has placed the garage or service 
station, whose business it is to repair and maintain automobiles, trucks, and 
busses, in an important place as an outlet for arc welding in maintenance 
and repair. 

The garage or service station located in a community of under 10,000 
population has a far better chance for a business in arc welding than the 
garage located in a larger community. This is based upon a national industrial 
survey conducted by "‘‘Motor Service’'* magazine which points out that 
welding ranks seventh in the list of importance of jobs done by the garage 
in a community under 10,000 and twenty^fifth in communities over 10,000. 
There are 13,000,000 welds to be made* on machinery this year (1942), and 
the garage or service station which has arc welding and knows how to use 
it will be in line for a big increase in business in 1942 and succeeding years. 

The advancement and streamlining of practically all of our social and 
industrial life has shortened the distances between supplier and consumer, 
consequently the community that can produce the service and commodities 
that the public wants is the community that will get their business. This 
eventually leads to the statement that the larger the community, the more 
and varied the service rendered taking in all service rendered in a com^ 
munity’s social and industrial life. Consequently, since repairing and con- 
struction are the units which keep the commxmity’s wheels turning, arc 
welding as a practical speedy method of repair and construction, quite 
naturally builds up a community, because the public does not have to go 
elsewhere in order to have its work done; and since arc welding has no 
bounds as far as applying it to industrial fields, it falls upon the shoulders and 
ability of the garage or service station personnel to know what can be done 
with this process. , ; 

The saving of time, money and material made possible by arc welding 
in repair, maintenance and construction is a community builder just as impor- 
tant in its place as education^ facilities to children and adults. With 

liT 
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smaller and smaller profits coming to any business on a basis of volume of 
work done, it is going to be essentially necessary to offer faster ana more 
efficient service m order to survive compeUtion* This leads to recesign ana 
faster methods of construction and repair and the logical answer is arc 
welding. 

Wc have developed socially pnmanly because of advancement m com- 
munication, transportation and production based upon scientific research, 
and HI this period of war and unrest we cannot go backward As an aid to 
this advancement, arc welding as a means of repair, maintenance and con- 
stmdaon in urban and rural life, will be called upon to do a great deal m 
maintaining this standard of social and industrial activity and advancement. 

Basing our belief in the foregoing, and not looking jUst at the period of 
unrest that we are now gomg through, we have organized our service station 
for arc welding on a longterm basis The operating divisions are the basis 
for conduction welding in the shop. They are: Production (matenal and 
equipment actually needed to produce arc welding in the shop), selling, 
research, accounting and personnel. All of these operating divisions go into 
the operation of the business; all are closely coordinated and none operates 
as an independent unit completely independent within itself. 

The well organized and well equipped shop is the shop that eventuaUy 
gets the business and the profits. The main field of welding work m the 
shop is repairing and maintenance of automobiles, trucks and busses, and 
this field alone is large. Listed below are automobile parts that our service 
station repairs by arc welding. They are: motor blocks and heads, valve 
covers, fly wheel housings, bumpers nnd bumper brackets, steering gear c^es, 
steering gear brackets and tubes, steering gear housings, hoods, hood handles, 
running boards, runnmg board braces, fenders, fender braces, runs, wheel 
hubs, hub flanges, brake drums, frames, spring brackets, motor supports, 
spring sh a^Hes. shackles, brake levers, brake pedals, brake shoes, brake bands, 
brake cams , axle shafts, rear axle housings, torque tubes, inner brake or 
backmg plates, universal joint casmgs, flanges for universal jomts, gear shift' 
ing forks, lifting levers, transmission housings, transmission covers, clutch 
pedals, clutch release levers, clutch pedal adjustment Imks, clutch pedal 
shafts, clutch pressure levers, clutch pressure plates, clutch cover plates, tail 
light supports, Qe rods for head lights, head lamp housmgs, magneto mount' 
iixgs, spark levers, distributor drive shafts, oil pump cases, dram plugs and 
washers, oil pans, muffler pipes, exhaust pipes, exhaust manifolds, fuel tanks, 
foot feed pedals, water pump shafts, water pump housings, water pump 
covers, water pump impellers, radiator shells, overflow pipes, radiator con- 
nections, radiator tanks, baffel plates, outlet pipes, fan blades, fan pulleys and 
parts, fan hubs, cam shaft gears, crank handles, starter housmgs and parts, 
flywheel housings, frames, cowels, cross members, carburetor castings (cast 
iron), dash panels, doors, and wheels 

In addition to these jobs in the automotive field, the garage does con- 
siderable outside welding which amounts to 38 per cent of our total welding 
business, and the outside has shown the greatest business percentage increase 
in arc welding. It has grown from 18 per cent of the total arc welding 
business in 1938 to 38 per cent of the total weldmg busmess as of December 
31, 1941. All welding business (arc weldmg and oxy-acctylene welding) 
has increased 104 per cent since December 31, 1938. Listed below arc typi^ 
jobs m maintenance and repair by arc weldmg that our service station 
does outside of the automotive field. They are: 

Farm Machinery — ^Buildmg up and hardTacing corn shredder knives, 
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repairing binders and parts, welding on plow points, hard^facing plow 
shares, welding blower fan blades, silo filler knives, corn knives, com planter 
shoes, cycle bars and heads, cultivator shoes, spring tooth harrows, drill 
parts, water tanks, cultivator levers, hay forks, hay pulleys, tractor cleats, 
hay hammers, disc blades, plow beams, mold boards, manure spreader 
wheels, drive gears and castings, horseshoes (toe calks and hard-facing), 
mower parts, threshmg machine shafts, and cylinders, combmo^ parts, com 
picker parts, hay tracks, manure earner buckets, seeder parts, wagons and 
parts, drag teeth, hay loaders and parts, hay bailing equipment, potato dig- 
gers, steel baskets, shredder rollers and shafts, milkmg spools, milking machine 
parts, alummum milk receivers 
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Household Equipment— Vacuum cleaner parts, spraying equipment, cook- 
ing utensils, stove castings, range doors, range lids, washing machine tubs 
and gear cases, washing machine rollers and wnngers, toys, bicycle rrames, 
sprockets and forks, lawmnowers, lawn rakes, hose reels, grass catciiers, 
motor driven lawnmowers and parts, baby carnages, furnace sections tor 
home heating plants, steam pipes and hot water radiators 

Functiomi Macfiinery— Water pumps for boilers and parts, can con^ 
veyors for creameries and condensones, power hammer castings an 
hydraulic turbines, (building up, welding and coatmg with stainless steel). 

Miscellaneous Work — ^Thawing water pipes and mains, renting arc welder 
to construction companies, consulting service to power companies on wel mg 
vertical and horisontal cast iron and steel turbine runners 

Redesign of Eidstiiig Structures— Redesigning motor bases and castmgs 
to welded steel construction, redesign of framework for doors, redes^n of 
wheels and pulleys from cast iron to steel arc welded construction on thresh- 
ing machines, silo fillers and tractors, redesign of cast iron wheels to steel 

construction for rubber tires. , . 

Out^e Welding Not aassified— Creamenes, condensones, stamless steel 
milk tanks, steam pipes, monel metal tanks, filler machines, piping (m ) 
coolmg equipment, storage tanks, crusher mamtenance, buildmg up worn 
manganese steel crusher ]aws, dump boxes, _ crusher castings^ and frames, 
tracks, and conveyor belts; brick yard equipment, hard-facing pug m 
augers, pug mill knives, clay feeder shoes, clay car wheels and axles, pug mill 

parts and castings , i • ^-l t. • 

The welding equipment which we find necessary to have in the shop in 

order to take care of all the classifications of welding above is listed below 
along with the prices on a basis of reproduction new, using 1939 as an 
average pnee year for equipment 

One 200 ampere motor generator dual control arc welding machine 
with 50 feet of number 2 cable, electrode holder and 2 arc welding 

shields ; 7 r' — 7“ — 

One 250 ampere A. C. transformer with 50 feet of number 2 cable, 

electrode holder and 2 shields 

One arc welding table equipped with curtains and ventilating equips 

One 200 ampere gas engine driven arc wei'dmg machine equipped with 

180 feet of number 2 cable, electrode holder and 1 shield 

One lathe, 16 inch swing and 8 foot bed motor attached 

One 50 pound automatic acetylene generator. 

Two oxy^acetylcnc welding torches, 1 cutting head, 1 cutting torch, 

70 feet of heavy duty hose with 12 feet of leader hose, 2 pairs of 

welding goggles, 1 pair of chipping goggles, gloves and lighters..... 235 

Oxygen and acetylene cyhnders for outside welding are furnished by 
the gas supplier 

One 2 H P. production gnnder. 


255 

35 

700 

900 

125 


One 250 cubic foot air compressor. 

One portable grinder V 2 P- niotor. 

One portable sander and polisher H P motor 

One dnll press, 16" plate will handle 1" drill 


270 

290 

60 

60 

275 


Total Welding Equipment. $3730 

One pick-up truck. — — 750 

Total Equipment $4480 
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In addition to the above mentioned machine tools, there are hand tools 
and matenals which are necessary for the operation of the garage as a whole 
and arc welding as a unit They are: work benches, open-end and box 
wrenches, pipe wrenches, monkey wrenches, screw drivers, hammers^ wire 
brashes, chipping hammers, vises, tongs, steel racks, storage sheds for steel, 
oxygen, acetylene and welding rod, bolts, nuts and washers and bins for 
these, welding rod racks m the shop, chain hoists, preheating torch and 
preheating furnace, jigs and fixtures The total for the above amounts 
to $1575. 

Additional garage equipment such as wheel alignment equipment, trip 
hammer, forge, anvil, hydrauhc hoist, toe-in equipment, greasing equipment, 
radiator bench and tank, lawnmower sharpening equipment and auto parts 
amount to $4260. 

The total shop equipment for all units amounts to $10,315. 

Along with the necessary equipment, hand and machine tools neces" 
sary for producing arc welding in the service station, there are a number 
of other factors that must be taken into consideration m order to actually 
have arc welding function properly. They are 

Appointment of a Welding Foreman — It is essentially necessary to ap" 
point someone to be m charge of all welding activity m and out of the shop. 
The foreman must be given authority to act and should not be hampered 
with too many other activities m the shop This will be brought out later 
under accounting for each unit and the responsibility that rests with the 
foreman. We have foremen for the major operating units of the shop and 
we experience no trouble and the employees expenence no trouble in know' 
mg who IS in charge and from whom to seek help or information 

We have made it a shop policy that every foreman have three years' 
trade expenence m his major operating unit, a high school education or 
has completed courses in a vocational school in shop mathematics, physics, 
chemistry pertammg to matenals and bookkeeping We have found through 
expenence that a foreman who possesses the foregoing qualifications ad' 
Vances faster and grasps new ideas faster than men without these qualifica' 
tions. There are, however, exceptions to this policy and one of our foremen 
does not meet these requirements but has the ability and interest to go ahead 
and will in time acquire the necessary educational requirements. It is difficult 
to get men to go to school, but like anything else the starting pomt is the 
hardest to overcome Once the men start a required course and find out 
how much they are lacking, and how much they don’t know it is an easy 
matter to keep them going. 

The foreman, besides knowing his subject matter, must be a leader of 
men and a teacher. He must be able to lead them to the output of work 
that we demand and yet must keep their respect. We have found that 
a foreman who drives men will not have their trust and the men in turn 
wdl lie and evade him whenever they can and will avoid working under 
him when possible. This causes a drop in output of work and a general 
lowenng of morale among the employees. The foreman must also be a 
teacher in terms of demonstrating the correct method of domg j*obs in his 
field , This is especially true with new men who have had no previous 
work expenence m the operatmg unit m which they are workmg, and older 
men who are not famihar with newer methods. 

Selection of Arc Welding Machines — ^The shop has three welding 
maclunes, a 200-ampere motor generator D C. set and one 250-ampere A C. 
transformer both of which are stationed in the shop. For outside weldine 
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we have a 200'ampere gas engine dnven machine The machines are suf' 
ficiently large to take care of 95 per cent of all our welding in and out or 
the shop There are times, however, when we could use a SOO-ampere gas 
engine driven welder very nicely on such work as thawing water pipes 
weldmg heavy sections of turbine blades. The lOO-ampere D C. welder 
and the 2y0'ampere A C transformer are used in the shop and we find it 
necessary to have them in order to take care of rush periods of welding 
and general speed up of output of welding jobs by putting two machines 
and welders on the same job. _ _ 

Our experience has proven to us that it does not, in any way one wishes 
to look at the problem, pay to “build your own” gasoline engine dnv^ 
welder. There are 200'ampere gasolme engine dnven welders now avail- 
able at approximately $450. No one can possibly buy a welding generator, 
secure a motor and governor and build an arc welding machine under $600. 
We know this from our own expcnence, in fact our gas engine driven 
welder cost us approximately $700 and then it was not up to the pomt of 
perfect operating efSciency. Lack of experience is the greatest drawback 
in “building your own” primanly because of lack of necessary building 
experience in this field and adequate knowledge of design and proper motor 
sizes for different sizes of generators. If we find it necessary to secure an- 
other gas engine welding machine, we will buy it from a reputable concern 
whose business it is to manufacture them 

Selection of Hand Tools, Machine Tools and Benches — The number 
of hand tools, machine tools and benches needed will depend upon the 
amount and type of work done. We in the auto shop find that the line of 
hand tools and benches ordinanly in a well-equipped service station will 
adequately serve arc welding. There are, however, a few machme tools 
that we find necessary in order to prepare and finish welding jobs. They 
are: a lathe 16-inch swing 8-foot bed, dnll press with a 16-inch plate which 
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will handle a l-mch drill, floor shear for cutting steel (not sho'wn on the 
floor plan) up to ^y^-inch, power hacksaw (not shown on the floor plan) 
and 2 horsepower power grinder These machine tools adequately take 
care of all preparation for welding and finishing the job after welding. 
We are forced at times to turn down heavy jobs because our machine tools 
will not handle them. However, when the volume of this business is suf' 
ficient to warrant investment m heavier machinery we wiE purchase the 
necessary equipment. 

Selection of Welding Electrodes — ^AIl welding electrodes used m the 
shop conform to the American Weldmg Society specifications No bare or 
lightly covered electrodes arc used except in the case of building up man^ 
ganese steel crusher jaws and manganese steel in general Even m training 
mechanics m weldmg we do not use bare electrodes, primarily because bare 
electrodes do not have sufficient resistance to shock and bending stresses. 
We find it highly advisable to use welding electrodes that follow speafica^ 
tions and produce maximum strength of deposited metal Then, too, covered 
electrodes are probably the only type which will be used in the future. 
We entirel^r discount the idea, and our training program for our own 
welders does not substantiate the statement, that it is better to tram a man 
on bare electrodes first because he will find it necessary to develop more skill 
in order to nm this type of rod. We have not found the transfer to tram'* 
ing, whatever amount there may be, of sufficient value to tram men with 
bare electrodes We use the largest electrodes that the job will accommodate, 
and the various sizes that we keep in stock are % 2 ''nich, I4'inch, % 2 "inch, 
%^dnch and J4"hich. The electrodes cover weldmg of cast iron, steel to 
cast iron, aluminum, bronzes, brasses, copper, high and low carbon steel 
and general purpose repair electrodes. Hard facing electrodes are carried 
m small quantities because of the large outlay of money necessary to stock 
them m quantity. 

Provision for Power — Power for the A C transformer and D C motor 
generator set runs to the machmes on separate power lines The A. C 
transformer requires 220 volts, 60 amperes single-phase current while the 
D. C. set requires 220 volts 60 amperes 3'phase current. All machmes in 
the shop have mdividual motors and if the motors axe 2 horsepower or 
more, independent Imes supply them We have had to change the wiring 
in the shop completely in order to take care of additional electrical equip- 
ment such as the two arc welding machines, the trip hammer which has 
a 2 horsepower motor attached, the drill press, gnnder and additional elec- 
trical tools such as the portable grinders and sander. 

Provisions for Moving Equipment — ^No business remains static; it either 
goes up or down, and when a business begins to expand it takes some time 
before the management realizes that a change is gomg on We have made 
every effort to watch these changes and have made our equipment portable 
m order to meet one phase of expansion We are able to move our weldmg 
equipment by just disconnecting the power Ime to the machmes and pull 
them wherever wc desire. Many times it is much less expensive for the 
customer to have weldmg equipment moved to the job instead of the job 
to the equipment. 

Water Supply, Lighting, Arrangement of Equipment, and Fixtures — 

Water supply is a necessity for any weldmg or auto shop not only for work 
m connection with automobiles but also m welding. Fire protection is a 
necessity as is elemmg flux from welds such as aluminum castings where 
the flux must be removed as soon as the welding job has cooled to room 
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temperature This is done with a wire brush and warm water which is 
supplied from an automatic hot water heater In order to have adequate 
protection from fires of which there is always a danger because of sparks and 
molten metal from welding and cutting, we have a hose and nozzle 
to the welding booth In this way water is available at all times 3-nd ail 
one has to do is to turn on or open the water valve on the line This safety 
or fire prevention equipment, while not much, has put out 3 fires for us over 
a 3 'year period which might have been serious 

In arranging kght for the shop, we have eight lOO'W^att overhead lighte 
for general work which is readily seen and '’floor lamps and drop cords 
for tight places and work which is not readily seen A poorly lighted shopi, 
aade from natural light, can hardly be called efficient. Much tinm is lost and 
indirectly output goes down if adequate lightmg is not available. Burden 
IS always a factor in any shop and our lighting bill has been cut 2 1 per cent 
over die previous arrangement of four large overhead lights, floor lamps 
and drop cords It is not necessary to have the overhead lights on when 
the mechanic is welding a fender or repairing a muffler or working where 
the overhead lights cannot reach. In a place of this kind a ^drop cord is 
used The mechanic’s morale is also a factor and one cannot expect the 
maximum on any job if it is difficult to see because of shadows or dim light. 

The arrangement of our equipment is m terms of efficiency. The shop 
floor plan, (See Fig. 1), illustrates this pomt, all of our machme tools are 
located m the back half of the shop. This saves many steps and time in 
moving from one machme to another or transfenng work from one machine 
to another or from machine to bench Also all hand tools used in connection 
with the work bemg done are on racks on the machine or bench. The tools 
are on hand all the time and this is definitely a morale booster and an aid 
to faster output. If a mechanic finds it necessary to cover the shop lookmg 
for tools or to ask help for moving a welder, (if they were not portable), 
mudi time and energy would be lost in this type of non'productive activity 
We can work faster and produce more in a shorter penod of time and have 
better working conditions, and, consequently, higher wages just because the 
equipment and tools are arranged together for the work bemg done. 

Jigs and fixtures play an important part in the output of our weldmg 
department; not only do they help in keeping up the morale of the welding 
operator by aiding in the quick alignment of parts to be welded, but the 
saving of time which in turn keeps the cost per job at a minimum level, is 
equally important. The weldmg department has on hand at all times, located 
near the welding booth, different thickness of small steel plates for align' 
ment, heavy and light sections of angle iron for shafting, X blocks, ‘"C” 
clamps^ wedges, small ‘1” beams, bars, boxes of sand for anneahng parts 
and vanous si^jes of fire brick; all of which aid in faster production on the 
job and eliminate loss of time. 

Ventilation, Arc Weldmg Booth and Si^s — The arc welding electrodes 
used m the shop are heavily coated and while the operator or mechanic 
is welding, a considerable amount of smoke and gas is given off which, if 
not earned away, would collect mside the shop and cause considerable irri' 
tation to the employees and customers, plus endangering their health. State 
industnal commissions are becoming aware of this hasjard and although the 
American Medical Association m an article published approximately a year 
ago in ‘The Journal of the Amencan Medical Association'’ does not say 
that any injury to one’s health has been recognujed as yet from the large 
amount of dangerous nitrous oxide gas given off during the Welding process, 
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we have taken no chances and have installed a ventilating fan dirccdy above 
the arc welding table. The fan not only carries off the gas and smoke feoia 
welding, but helps carry off fumes from the radiator bench and soldering 
table, coal smoke from the forge and oil and exhaust fumes from the lathe 
and automobiles run m the shop. The vcntilatmg fan is much more efficient 
if a hood surrounds it and is lower than the fan. The hood is 6 feet by 3 feet, 
the fan runs at 1800 revolutions per minute, displaces 3000 cubic feet of air 
per mmute and is 16 inches in diameter. 

The arc welding booth has been enlarged from a table 3 feet sqtmre 
to a table and curtains 6 feet by 3 feet. This is a direct r^ult of more 
welding business during the past two years, and is a means of scUing wdcKng 
because we can invite our customers mto the booth and let them watch the 
welding on their eqmpment or parts. This is one of our best selling aids 
and wdl be discussed under sellmg welding for the service station^ The 
welding table is surrounded on 3 sides by dark curtains which can be raised 
or lowered at the operator's desire. This is definitely an improvcinent over 
our former booth which had curtams 5 feet hi^ and could not be moved. 
We had considerable trouble with this arrangonent in that moving atitn- 
mobiles would catch the curtains and tear or rip thw off the frame. Then, 
too, with the former method of dudding the arc booth, the curtains were 
bqmed badly during the numerous cutting operations that we do with oxy- 
acetylene cutting torches. Now,^ when arc wdding is being done on the 
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welding table, tbe curtains are lowered from the ceiling of the shop to the 
point where they completely surround the welding table and no rays from 
the arc escape to cause annoyance and eye irritation from flashes. Also this 
brings down the cost of operating the welding department in that during 
the past two years we have not had to replace the curtains while with the 
former method it was necessary to replace the curtains every 6 months. 
The curtains are 4 feet high and 6 feet long. The weldmg table is waist 
high, has a cast iron top coated with spatter film so that spatter from weld^ 
mg electrodes does not adhere to the plate A ground connection is bolted 
to the table to produce a good circuit. 

Many times we find it necessary to do welding outside of the weldmg 
booth and in order to avoid possible injury and flash bums from the arc 
wc have had a number of signs made up which read "'DANGER, DO NOT 
WATCH THE ARC\ The signs are posted nearby where the weldmg 
is being done and so that everyone can see them before becoming curious 
This IS a customer service and protects us to a degree from liability m case 
of any senous injury or accident that may occur. 

Preheating equipment is a necessity for the shop because there are cast"- 
mgs such as face plates for clutches, aluminum outboard motor castings and 
aluminum heads which must be preheated evenly and slowly in order to 
keep them from warping during preheating, weldmg and coolmg. The 
preheating furnace operates on city gas alone and is a definite improvement 
over our former furnace which operated on city gas and compressed air. 
With the ‘"new” furnace there are no fluctuations in the temperature during 
tie preheatmg and cooling operations The furnace is large enough to hold 
approximately 100 poimds of tools and the temperature is measured by a 
pyrometer. The preheatmg furnace is a life saver for preheating castmgs 
up to 100 poimds. 

Tiainitig Mechanics in Weldmg — In July of 1939, three of our men 
left our shop for employment in west coast diipyards. These men were 
the backbone of our weldmg department, and because we could not compete 
with the wages paid by the shipyards we could not hold them Soon after- 
ward we advertised in newspapers m surrounding communities for three 
welders to replace the men who had left, and strange as it may seem none 
of the men who applied were able to pass vertical and overhead qualification 
tests and as a result we did not hire them. Before this time we had paid 
some attention to training welders for our shop, but not enough to keep 
a few men in the other operatmg units trained well enough to take over 
in case of just such an emergency As a result of this experience, we formu- 
lated the basis for our trainmg program. We do not attempt to tram a 
mechanic who does not want to be a welder, primarily because no one can 
t^ch another person anything unless the person is willing to learn and 
is interested m the work. We have even found it necessary to train the 
men who come to us from other places even if they have been weldmg before 
or have received an introduction to welding from a vocational or trade 
sdiool. We do prefer, however, a person who has had training in the basic 
principles of welding because they are ready to advance and grasp the new 
material faster than a man with no previous training. We require certain 
quahfications for welding and they are a high school education, with courses 
in chemistry, mathematics, physics and although not required but desired, 
bookkeepmg experience or a course in bookkeeping. If we hire a person 
for weldmg who does not meet these requirements we arrange with the local 
wcatLonal school to give him the courses needed. Not only does this benefit 
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the employee and employer, but the country as a whole in having a person 
trained m a number of fields, which makes him a more valued employee and 
IS definitely of value toward job insurance in that the employee is harder 
to replace and he himself will find, if he so desires, future cmploymoat 
much easier. 

We have realised for the past two years that all of us will be spending 
more time m school and by this we do not mean the group from. 6 to 18 
years, but all adults in order to keep up with technological, functional and 
social change. Most of our employees attend night school off and on in 
order to keep up and advance themselves. 

Training people in any field presents many problems that are dealt with 
in teacher traming courses, but do not assist us to the degree that we expect 
In solving this problem of trammg, we first determine what the employee 
or prospective employee already knows and can do. This is determined by 
placing him on a probationary period in all the operatmg units of tbe shop 
on the basis of no or limited training before his employment by us. If h® 
mechanical ability is good, if he is co-operative, and will take and follow 
instructions, he is allowed to select his major unit of work. This probationary 
period for all new employees, if we are not familiar with their bacfcgrouno, 
vanes from 2 to 16 weeks, dependmg upon the employee’s advancement, 
through the operations that we require for each unit. 

The basis for our operation selection is based upon the jobs that wc do 
in each operating unit of the shop. We have analyzed all the jobs that wc 
arc able to do m each operating unit and have broken these down into the 
various operations that go to make up the job as a whole. The operations 
are then grouped accordmg to frequency or the number of times the opera- 
tion is done in our shop, significance, availability and economy. The opera- 
tions selected on this basis are practically fool-proof in selecting the nght 
operations to teach not only the portion of the trade that our shop covers 
but for the field as a whole and wherever it presents itself. 

We have never taught welding durmg the past two years, on the bam 
of teachmg it as a trade complete withm itself, but have been teaching 
welding as a part of each trade. The welding done in the auto shop is 
vastly different from the weldmg done in shipyards. The American Weld- 
ing Society has turned m this direction m an article in the November 1941 
issue of ‘TThe Journal of the American Welding Society”, pages 781-783. 

After the mechanic has had his introduction to welding and he is able 
to run satisfactory beads, knows machine adjustments, and knows current 
values, he is taught the operations necessary for the welding in the shop. 
The mechanic proceeds to do operation number 1, and lists tike number of 
hours that he has worked. The mechanic is issued a progress chart and 
he checks off the operations only after the welding foreman is satisfied 
that the mechanic has mastered the operation and is able to repeat the 
same operation with the same skill or quality of work on an actual job. In 
operation number 1, the mechanic will be weldmg sheet steel, 

using a % 2 dnch electrode, straight polarity, rod composition range to 40 
point carbon will contain about .07 of 1 per cent carbon and the weld- 
ing will be in the downhand position. In operation number 2, the 
mechanic will be weldmg J/^'inch steel, usmg straight and reverse polarity 
electrodes of % 2 dnch, J/B-inch and % 2 'h^ch diameter; the rod composition 
will be under 40 point carbon and Ae welding wiU be done in three posi- 
tions, downhand, vertical and overhead. During this operation, the mechanic 
wfll do more than one oporation, in fact he wfll do mne operations in order 
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to complete operation number 2. He will be able, wben finished with the 
whole operation, to wdd j^dneh steel with ^ three posi^ 

tions; the same with ^"inch and % 2 ^‘i^ch electrodes. ir i. * 

As the mechanic completes these operations and checks them off he is 
ft:^Ldy to go on to actual jobs that involve these operations. After the 
mechanic has completed all the operations on the progress chart he can 
do or quzlify for 90 per cent of the welding j*obs m the various operating 
units whose number is the same as the operation number. 

Tlie welding foreman plays a very important part m the training of our 
men* He is their instructor through their entire training penod and has 
the confidence of the men bemg tramed. This is important because when 
a mechanic in trainmg makes a mistake on the job, the foreman is there 
to correct the error and leads the mechanic to avoid errors and yet keep 
up his Interest and morale. The welding mechanics go through 23 training 
operations before they are ready for all the kinds of welding m the shop 
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Tills does not mean that a man can come to us with no previous expenence 
m welding and go through these operations one nght after the other and 
come out a finished welder. All durmg the period of training, the mechanics 
act as helpers for the qualified welders, and in this way they gam valuable 
and necessary expenence which cannot be taught otherwise. The training 
penod in welding ranges from 6 months to a year and even then more 
expenence is necessary m order to qualify as an A 1 welder for all the 
types and kinds of weldmg that come mto the shop. 

All through the mechanic’s penod of training, the foreman is there 
to supervise his work and show him shortcuts on many jobs. If the mechanic 
forgets or is unable to do a weld involving an operation that he has checked 
off on his progress chart, the foreman requires that the mechamc go back 
and do this operation over until there is no question about his ability 
to do the same operation on a ‘“live” job. The men in training at all times 
receive a demonstration on the operation before they are allowed to go 
ahead and practice it. The demonstration covers the correct technique, 
proper machine settings, correct welding electrode, checking of equipment 
before welding, proper chippmg procedure and related technical informal 
tion about the deposited metal that is necessary to know in order to do 
the job. 

The auto*®shop is not m a podtion to furnish expensive testing equipment 
such as a guide bend testing machme and tensile testing equipment There 
are, however, effective tests that we use and they are the face bend test 
for ductility, the root bend test for penetration and the nick break test for 
defects within the weld itself. An ordinary blacksmith's vise is sufiBciently 
strong for these tests. The qualification tests are made on ^-inch steel 
plate, the composition of which is approximately 40 pomt carbon and is 
the nearest matenal that we can secure for the type of work in the shop. 
The test welds are made on plates 6 mches by 8 inches, beveled at 60 degrees, 
with rod size root opening The root edges of the weld are ground off so 
that a blunt edge is made. After the test welds have been run in 

the downhand, vertical and overhead positions only with % 2 ''hicli reversed 
polarity rods, the test specimens are cut out of the center of the plates to 
the dimensions of IV 2 inches by 6 mches. The beads arc then ground off 
flush with the base metal and the backmg strip is machined off flush. The 
specimens are then bent through 180 degrees or a U using both the face 
bend test and the root bend test. No cracks or undercutting are aUowed. 
For the nick break test, we use the portions of the plates left over after 
cuttmg out the first two test specimens 

If the mechanic or potential employee, (depending upon his past ex- 
perience), fails to pass these tests he is given time to go back and practice 
and ike foreman points out his mistakes. This second try is allowed because 
experienced welders have the tendency to get '"buck fever’' when asked 
to make a test wdd. 

After the mechanic has finished the first four operations, he is given 
a text book on the metallurgy of iron and steel. Ttds material deals with 
the freeitmg of solutions and generally what takes place in the metal durmg 
the molten, freezing and solid stat^. After a penod of time, depending 
upon die mechanic's ability, we give him an oral test cm this matenal. ll 
he does not pass the test to ow satisfaction, he is required to study until 
he does. Much of the discussion during the monthly meetmgs of our em- 
ployccs is on just this sort of thing and these matings and discussions ad 
as ^"pep" meetings for the men having difficulty with matenal 
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With, this mformatioB, the mechanic can foresee and determine the 
proper welding procedure and technique and is in a position to intelligently 
answer questions from men in authonty for whom we do weldmg. It 
creates a very favorable impression and definitely sells our customers on 
our organization for welding. 

In detennming the proper joint design to use on our welding jobs and 
construction work, we follow the ‘‘Trocedure Hand Book of Arc Welding 
Design and Practice'’, the matenal or information which comes under the 
section on ‘^Procedures, Speeds and Costs” which include electrode sizes, 
amperes and volts to use and amount of rod deposited per foot of weld. 
We follow this material because of the wide variation m joint design and 
other information concerning welding. We m weldmg are feeling the 
“growing pains” that welding as a whole is now expenencing. 

The foregoing on training mechanics m weldmg may seem long and 
involved, but we deem it necessary because we cannot hope to qualify 
as an A 1 shop unless we know exactly what our men can do m this fi.eld, 
and m the last analysis, it is the shop reputation that goes a long way m 
sellmg the product. We no longer believe any mechanic or welder who 
comes to us and states that he is a welder. We find out just what he can 
do by running him through the vanous training operations and, strange 
as it may seem, seven out of eight welders who came to us for employment 
during 1941 failed miserably for our work The cost to us to tram a 
mechanic m weldmg who has had no previous experience amounts to $236.75. 
Not a small amount for any shop, but a very profitable mvestment. The 
average cost for men with weldmg experience amounts to $123 40. These 
axe average costs and are not to be taken as the amoxmt that it will actually 
cost withm a few cents. 

Two men who have left our employment have had no difficulty in 
qualifying for submarine weldmg. They left the shop in 1941 primarily 
because we could not meet the wages paid by companies with government 
work. When our men arc able to secure employment on probably the 
most exacting type of arc welding, we are not wrong m our trainmg pro^ 
gram. It is our best insurance against poor workmanship and loss of our 
shop reputation. Since the start of our traming program in the latter part 
of 1939 and beginnmg of 1940, we have had just three welding jobs that 
were not entirely satisfactory, and the reason for this was as much the 
fault of the customer as our own. 

Progress and change are the hfe of any busmess and in order to encourage 
interest and development in the weldmg department and all other depart-^ 
ments, wc have what we "call our “Profit Development Plan”. The purpose 
of the plan is to pay the mechanics the profit that is realized on new methods 
and developments that they suggest and put into operation. If a person has 
something to work for he tends to work harder, his interest in his work 
becomes intense and he learns much faster. The plan is not difficult to 
put mto operation; an example of its operation is as follows: 

In September of 1941 one of our weldmg mechanics suggested that 
we change hard'facmg rods from the tungsten carbide rod to one havmg 
a cobalt base. The cost to us with the tungstm carbide rod amounted to 
$5.50 per poimd while the cobalt base rod amoimtcd to $4 per pound; 
this was not the only factor however in adoptmg the latter rod. The amoimt 
of time to apply the rod was the same, the amoimt of rod used was prac' 
tically the same and after havmg the application tested in actual plowing 
and road grading, the hfe and service of the latter rod was longer by 25 
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per cent because of its toughness over the extreme hardness of the tungsten 
carbide rod. The plan was adopted and the profit of the first job which 
was $5 was paid to the mechanic The job and appheation was listed m our 
profit development file cabinet under hard^facing. During the past two 
years, we have changed our profit development plan from just paying the 
mechanic the profit on the new methods that he introduces, by pa 3 nng 
or giving him a raise and the profit on each development after he has 
developed five new methods or has improved and increased the profits to 
the ^op. The ffle is checked over monthly and the raise in wages is auto' 
matic. The plan provides a check'Up on the mechanic’s ability, develop' 
ment and progress, plus givmg the shop an overview of welding posdi' 
bdities. No one loses, the shop and the mechanic gain and harmony is 
produced between employer and employee. All developments are discussed 
among the manager, foreman of the welding department and mechanic. 

Selling Arc Welding for the Service Station — ^Every sale made in or 
out of the shop takes into consideration three principles regarding the cus' 
tomer and the shop. They arc: The way to sell any product is to develop 
sound busmess poheies. The customer is to be sold something to his advan' 
tage, and the selling process must be a hve honest transaction. Alone, these 
principles governing a sale, do not suffice. The shop appearance is also 
a determinmg factor. During the course of our 8'hour working days or 
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40''lioiir work weeks, there arc always a few niinutes or half an hour dumig 
the day when a mechanic has ‘‘time on his hands'^ During these times ow 
mechanics clean up their units and help clean up other operating units. The 
floor IS swept, the tools are repaired or cleaned, painting on places where 
no one is liable to come in contact is done, walls are touched up, and general 
clean up work is taken care of. In this way, the shop is always neat, makes 
a good impression on our customers and produces better working conditions. 

Our arc and acetylene welding equipment is cleaned monthly. The 
interior of the arc welders is cleaned of dust and dirt with the air gun, also 
cable connections are checked, and the electrode holder jaws are removed 
and cleaned of all spatter and foreign matenal. This pohey of cleaning 
the equipment and shop so that at all times everything is clean and neat 
is one of our best selhng aids. 

"WTienever the opportunity presents itself, we invite our customers 
into the arc welding booth and allow them to watch the welding on their 
own material and parts This is definitely a selling aid ui that it creatp 
in the customer’s mind, confidence m the shop and welding, pnmarfy 
because he saw us do the work, the welding process was described to him 
while it was actually being done and the customer usually goes away with 
something new to him. This also helps to hold the custonier to our shc^, 
because at times they will shop around m other welding shops and if the 
method of welding differs from our method they will ask about it and 
compare it with our methods and as a result if the work being done for 
them in another shop is not explained, and is not as neat as our work, 
we have a steady customer. 

In order to know and keep track of our customers, we have, during 
the past two years, enlarged and changed our customer filing cabinet 
Formerly the customer carefc hsted the customer’s name, the job and date, 
and the pnee of the job. Today, the customer cards hst the customer’s 
name, a detailed explanation of the job if over $3 00, the date and time 
required to do the job, material used, amount and price, (See Fig 2) . The 
cards are 5 inches by 7 inches. This is a consohdation with our customer 
j'ob filing cabinet which will be discussed under pricing under accounting 

The operation of the customer file is simple. We have hsted all of 
our customers alphabetically, and the welding work they have had done 
at the ^op on the customer and “job filing’] cards Above the customer]* 
T iaini» is placed the job number which in this case is number 32 which is 
for fishplating truck frames. We have listed the names and numbers of 
the jobs that we do in the shop. If at any time we want to look up a 
job, all we have to do is look up the job number and go through the fihng 
cabinet and pick out aJl the cards with the job number attached and we 
have history, price and material used on the job. This is an effective 
method of checking on our work, getting in touch with emstomers who 
have not brought work to the shop for some time and it also acts as 
a stabilizer for our output of work, because we known from the cards the 
amount of work each customer usually has and how often he brings work 
to the shop. The cards are also an effective aid in priemg work and will 
be discussed under pricing imder accounting. 

As a tide, three days after a weldmg job has left the shop, we send 
the mstom/^r a double mailing post card and on this dard we ask him if 
the job IS satisfactory, he is satisfied and if not, what complaint he has 
to When a card comes back with a complaint that is fair and just, 

we file it with the customer’s card and then send him a letter giving a 
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credit on his next job brought to the shop These double-iBailmg post cards 
arc mailed only on jobs that amount to $3 or more and mailmg also 
depends upon the customer. This check-up has increased our business con- 
siderably during the past two years and has built up good will throughout 
our business temtory, plus givmg us a check-up on our work. Then, too, 
these cards block to quite a degree customer complaints. Since December 
31, 1939 our welding business has increased 68 per cent and over a three-year 
period beginning December 31, 1938, 104 per cent We attribute this to 
changes and progress in our work and methods of doing business, plus 
Ae constant check that we keep on our customers. 
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We have tned various methods of selling and advertising our shop for 
wcling and other work. We have dropped usmg, as a means of seUmg our 
products, theater slides and short, post-card advertising, hand bdla aund 
pamphlets for types of work, and r9.dio advertising primarily because wc 
derive very little business from this type of advertising. We are, now con- 
centrating on personal selling by making calls on our bid and new customers. 
Our employees do considerable personal selhng for us whale off duty, 
primarily because whenever a new development is adopted or we start 
welding materials and parts not welded before by tpie shop, we make them 
acquainted widi the process and if a discuMon or a job comes their way 
while off duty, they m^mediatriy use their knowledge of the shop services 
to sdl the person in^^olvcd ^o have our dhiop do ti^e work 
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Dunng slow penods in the shop, which come every January, February 
and first part of March, we are busy calling on our customers m the ccmntry 

and sunroxindiiig commumties, collecting plow shares to be sharpened and 
pointed, mold boards that need patchmg, blocks and heads that have bera 
injured by freezing and general work in order to keep onr men employed. 
If we personally are not able to do this pichnp work, we send out our 
welders who are personally acquainted with our customers This method 
of sdling brings results; our welders have picked up on these perscmal selling 
trips as much as $75 worth of welding in a single day. The business is 
there and all one has to do is to go after it. During these selling trips we 
also act as a pictup and delivery service for farmers who need food, p^ 
or material from the city. are going to be handicapped considerably 
and will probably lose our best selling aid for the duration of the war because 
of tire rationing. The pick-up^and-delivery service dunng the slow months 
of the shop was started in January 1940 and was so successful that we have 
used It the year around as much as possible. Even now, when wc have had 
to cut down considerably on this service, our rural customers call the shop 
and ask when we are coming out their way and if we would bring parts 
or food to them. 

For advertising the shop and the kinds of work that we do, we have 
three billboards on the main highways leading into the aty. These signs 
acquaint prospective buyers with our complete service in auto repairing, 
welding and work. Besides this, we have a sign of the same color and 
lettering as those on the highways above the mam doors of the shop 
to attract business, descnbe our service and establish our location. 

We are not lettmg our selling methods down one bit, even though 
wc are not able to do the things possible in 1940 and 1941, primarily 
because we will probably need considerable former business that we have 
had to let go because of national defense, which comes first in all con^ 
siderations. 

Research — ^Research or constant study is a definite requirement of the 
garage or service station. New developments and change go together. We 
of the auto shop are constantly studying new developments and trends 
which affect or will affect business and business possibilities, trends m 
repairing, changes and trends which will affect our administration of the 
busmess, percentages of total investments of new equipment, local trade 
opportunities, changes m methods of payments on new or used equipment, 
new welding techniques and new equipment and its usefulness to us. We 
are constantiy watching developments which will affect business and our 
business in particular. Changes and progress in this field are definitely with 
the individual owner and the metibiods that we use to determine our 
business policies will be explained below. 

When we discover that the shop is losing business because of insufficient 
equipment, we immediately determme how much business or work this 
field alone will bring in and how much work it will bring in, in connection 
with other equipment in the shop This is determined from our ‘‘turn 
down^’ slips which are filed on an ordinary spindle. We have turned down 
during the past two years 54 jobs in whidi machine work and welding 
were required to complete the job. This indicates that we could have profited 
nicely by having a milling machine, shaper and lathe with a 24 inch swing 
and 16 foot bed. Our source of mformation is always available in the shop 
because whenever a job is turned down because of lack of necessary equips 
ment or because wc were too busy to handle it, the operatmg unit foreman 
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turns in a “'tum down^’ slip to the office on which is listed the fob turned 
down, the machine tools or equipment necessary to do the job and matenal 
needed. If we were too busy to do the job, the foreman wntes "^too busy” 
on the card and hsts the job and customer’s name, (See Fig. 3). The shp 
15 then placed on the spindle for future reference. 

Every three to six months we make a survey of the slips and if we find 
the amount of work turned down and the possibility of getting more work 
of the same type is good, we purchase the necessary equipment and hire 
additional personnel if necessary to do the work. This depends upon the 
cost of the equipment, its period of usefulness over a period of years and 
model in terms of possible change. 

The busmess possibihties of new equipment are determined by surveying 
local industry and industry within a 2 5 "mile radius of our shop. A few 
questions that we take into consideration are: Are our hand and machine 
tools adequate to handle additional work^ Is the shop large enough or 
is there a possibility of buildmg expansion? What can we do to build up 
a busmess in this line of work? What have we done in the past in new 
fields^ Are we losing business because of lack of this equipment? Have 
we the personnel necessary to operate this phase of work? Have we the 
necessary finances to purchase the equipment or can we buy it on time? 
Straight thinking is a necessity, because if there is just an occasional demand 
for the eqmpment it would be better not to purchase and install it Taking 
arc weldmg as a xmit, it is easy to see that welding is definitely a standardiited 
method of repair and construction and much more welding will be done m 
the future than has been done, in the past. Then, too, the presence of 
the equipment attracts busmess and customers talk and indirecdy sell the 
new field of work. 

We have, for the past five years and more so at present, kept a job 
filmg cabinet mdependent of the recent customer hsting and job filing 
cabinet listed under selling. Into this cabmet goes literature pertaining 
to welding and applications of arc weldmg, new developments and new 
techniques m the weldmg field. Today, when the mechanics or welders 
read the trade magasjines that we as a shop subscribe to, and find informa" 
tion that will be helpful in the future, the article is cut out and filed for 
future reference. It is impossible to remember all of this information, 
hence, when information is needed all the welders or foremen have to do 
is go to the job filing cabmet and pick out the mformation which is listed 
m alphabetical order under job headings. We continue to do research in 
all of our operating imits and many new developments and apphcations are 
to be had by doing just this sort of thing. Progress is definitely a result 
of research. 

Accounting — Wc have divided accoimting into three parts which are: 
bujdng, priang and records. Although buying and pricing are not directly 
connected with accoxmting except for Kstmg or keqiing tract of the account, 
they are listed here grouping them under ‘'"what books to keep and why”. 
The buymg for each operatmg unit is taken care of by the foreman of each 
unit or department as are the inventory controls. We keep a running stock 
record of each department which is checked daily and weekly. A sample 
inventory card is shown in Fig. 4. 

In the weldmg departmoit, whenever a weldo: or mechanic needs sup" 
plies, he makes out a ‘^bin tag”, (See Fig. 5). On this tag goes the material 
taken from the stock room, and the amount When 3ie welder returns 
material left over from doing a job he records the amount of matenal 
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Weld ins rods 

Direct Labor 

of hours doin^ 

job 
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(including indirect 
labor) 

Profit 

- 


Total Coat * 




Fig. 7. SampU cost racord cord. 


returned on the same ‘’'^bin tag” and totals the amounts taken and returned. 
These tags arc checked daily and at the end of the week the total remainmg 
supplies are listed on the weekly stock record sheet or inventory sheet 

When the welding foreman checks the “bm tags” and weekly stock 
record sheet, he can immediately see whether or not the supply is low, 
adequate or that we need to order supphes. He then makes out a “requisi^ 
tion”, (See Fig. 6), which is handed into the office. The manager checks 
the material and either approves or rejects the requisition. If approved, a 
purchase order is made out and mailed. The purchase order and original or 
office copy of the reqmsition is filed and one copy of the requisition stays 
on the order spindle in the office and the other copy, (requisitions are made 
out in tnplet form), goes back to the umt or departmoit foreman so that 
he knows that the supplies have been ordered. 

When the material is received, the foreman checks it for price, contents 
and weight. The foreman then returns his requisition to the office with his 
signature stating that, the order of supplies has been received m good order 
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and that pnce and contents are correct The account is dien listed m the 
journal and ledger and also in the ledger of the welding department undtt 
ledger headings for that purpose. With the welding ledger, the welding 
foreman knows exactly what has been paid out for his department and at 
the end of every month welding sales are listed in the ledger, the ledger is 
balanced and the profit for the month made known and checked with the 
ledger in the office. 

This inventory and buying system gives us an adequate stock at all times- 
We do not tend to overstock or understock but keep adequate supplies on 
hand at all times for our needs. If a requisition is checked for capital equips 
ment, a conference is held between the foreman and manager or owner. 
Every piece of new equipment bought is discussed and checked with the 
''turn down slips” before the requisition is allowed to go through. As a 
result, we have practically no matenal or equipment that is not an asset 
to the department. 

Pricing Work — The general opinion among proprietors of commercial 
welding shops and service stations that have welding as a unit, is that the 
general prices charged for welding are too low and Aere is too much price 
cutting. In setting up our hourly charge for welding and other wort we 
have grouped our overhead expense mto one lump sum per year Th& 
amount is then divided by 12 to arrive at the monthly overhead charge, 
and then by the number of hours or working hours in the month, to arnve 
at the hourly overhead charge for the shop as a whole. The overhead con^ 
sists of all material and activity connected with the shop that is necessary 
to operate the business which includes assets fixed, current and miscellaneous, 
liabilities fixed, current reserves and net worth and revenue accounts plus 
direct labor, direct material and shop operating or production expense The 
problem is to distribute this burden or expense so that each unit shall bear 
-its own share This is not easily accomplished with accuracy. We have made 
approximations which are sufficiently accurate for our use- 

The divisions of our cost accounting or cost finding system are direct 
material, direct labor and shop expense. Our profit is somewhat arbitrarily 
fixed but is closely connected with the volume of busmess transacted The 
profit on all jobs is based upon the selling price whatever it may be and this 
is based upon total cost 

We have found the daily overhead expense of operating the shop and 
this amount is then divided by six to determine the hourly overhead charge 
Although we work eight hours per day, it is impos^blc to produce a full 
S-'hour work day because of time lost m changing from one job to another 
and short periods of inactivity waiting for the job to come into the shop. This 
hourly charged amount is m addition to direct labor, direct material and 
shop profit. 

Pricing work in advance of doing the job is at best an intdiigent guess. 
In order to arrive at a rather accurate price we use our customer listmg and 
job filing cabinet constantly. A card, (See Fig. 2), has been made out for 
every type of job that wc have done and some that we have not done, but 
have received froni other shops The cost information such as direct labor, 
direct material and shop expense are not listed on the “’customer listing” 
and “job filing” cards because we are constantiy diowing these cards to 
customers for puces on jobs. A separate “job cost record card” is kept on 
which is listed the cKrisions of our cost ^stcin and the cost to us, (Sec 
Fig,7). 

Whoa a job comes into the shop and the price is requested by the 
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istomcr, the foreman^ goes to the job number sheets £nds a sinylar job 
unbcr and goes through the customer listing and job filing cabinet and 
imediately has the price, material and labor that go into the job. If we 
aie a mistake or incorrect charge on a welding job, we change the customer 
sting and Job filing card to show the true cost of the job. This information 
alwa 3 m available from the ‘‘cost record'’ cards. 

If a job comes in for which we have no “cost card" and “customer 
stmg" and “job filing" card, and the customer wants an exact price, the 
>rcman measures the length of the welds to be made, estimates the material 
> used and secures its weight, if steel from our steel suppliers catalog 
[e then estimates the amount of weldmg electrodes to be used by referring 
» '‘The Prccedure Handbook of Arc Welding Design and Practice" under 
le action on “Procedures, Speeds and Ckists". The amount of labor 
ecmary to do the job is estimated from past experience, the current to be 
sed in welding and the overhead charge per hour is added. This informa- 
cm is riicn toSjed on a “shop tag", (See Fig. 8), and the shop profit is 
dded to give the selling pnee of the job. Accurate mformation on all items 
f cost is absolutely necessary in order to make the correct charge. With 
lis method, we have made very few mistakes and have had very few jobs 
lat do not show a profit, and we can depend upon the foreman to know 
1C Items of cost going into the job. 

When the price has been given the job is tagged with a “shop tag". 


Job Tag 


j&feiterial U&ed 

Weeding Rod 

Stee 1 

FToar 

Cbcygen 

Ace tylane 

Preheating Fue l 

Gas ©line 

labor Charg e 
Electric It y 

Remarks r 


I'otal Charge for lob 




Sompla job tag cord. 
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(See Fig. 8) , aad the necessary information is listed when the jot is finidial. 
The welding foreman or welder takes the tag to the office where a »lci slip 
is made out When the customer pays for tixe job^ the sales slip is marked 
paid and if a question is raised about the price of the job, the "^job tag^’ is 
there to give the necessary information. If the individual is a new customer^ 
his name and job is listed in the ‘‘customer listing and job filing'*'* cornet* 
and the job is given a job number or if the job is new to us the job is given 
a new job number and the job and number are listed on the “job number 
sheet”. A cost record is made out on the job and the profit is determined. 
The account is hsted in the “daily joumar and in the ledger or book of 
subsequent entry. 

Records (What Books to Keep and Why ) — The main purpose of any 
business is to make a profit for the proprietor, and the record to determine 
this profit IS bookkeeping or accounting. Since accounting follows a rather 
set pattern of rules, the make-up of the books and their devdopment of 
the account will not be discussed. The accounting systm is designed 
to express the actual condition of the business and changes that take place 
in the owner s or proprietor’s interest. Since welding is a unit of the shop* 
the discussion here will be on the records or books used in coimcctiofi 
with welding as it fits into the service station accounting system. The 
main source of information on business conditions of the shop is revealed 
by the “main journal” or “journal of original entry”. Into this journal 
goes the explanation of the account under the account titles for each 
entry. Since accounting is the process of recording the financial history 
of the service station, a great dem of care must be exerdsed for sufficient 
explanation of each account so that its full history can be understood. Fig. 9 
is a sample journal of original entry sheet and illustrates the point. 

Just recently we have found it ne<^sary to open a cash book in addition 
to the journal of original entry and ledgers. This has been necessary because 
of mcreased busmess activity and because we were beginning to have 
difficulty m securing this information from the journal because of the time 
involved The cash book gives us information on all transactions thzJt 
mcrease or decrease the supply of cash on hand. 

Since it is almost impossible to pick out from the “journal of onginal 
entry” all the transactions that affect one phase of the business, it becomes 
necessary to group accounts as a classified record of the total changes in 
accounts These requirements are met in the ledger, (standard), wWch is 
identified as the “book of subsequent entry”. A separate page is ^ven each 
account in the ledger, and all pages are identical and arc identified with the 
same number as in the folio column in the journal, (See Fig. 9), under ledger 
reference. The accounts in the standard ledger are listed under the headings 
of debits and credits. The method of balancing the accounts consists of 
adding up the debits and credits, determining the difference between them 
and adding this amount to the smaller side to balance. The credits and 
debits are then hsted under their respective headings on the “trial balance 
sheet” which is prepared monthly, added up and the total debit balance must 
equal the total credit balances. This is nothmg mor^ than proving the 
accuracy of the accounting records. 

The cash book is balanced and checked daily while the ledger and 
journal are balanced monthly. At the close of eadbi month, the bills of the 
diop arc takon care of, and monthly statemmts are mat out. 

Our accounting system is our most valuable aid in completely analysing 
the finanaal structure of our service station. Although routine is of the 
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FI9. 9 . Sample iotmal of oiigixial 011117 aheoL 


Utmost importance, there is no substitute for it and it does not become a 
burden when one realizes that the accoimting must be kept up and that it 
is the “governor'’ of the business We are going through a considerable 
busmess enlargement which will necessitate change in our accounting system 
However the underlying principles are the same for a small or large busi" 
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ness, hence our accounting system will be just enlarged from what we 
now Have 

Personnel — Our personnel department consists of a filing cabinet for 
employment application blanks, qualifications for the operating units^ wages, 
advancement levels, positive outlme of job limits and shop placement of 
employees in operating units or jobs for which they are best fitted. We 
have changed our employment application blanks during the past two years 
to give us information governing Ae prospective employee’s place in aviiian 
Me, (See employment application blank. Fig. 10). We are interested in our 
employee’s background from all angles so that we are reasonably sure that 
if employed by us, the employee will adequately handle the work and be 
an asset to the shop. 

When a person applies for a job m the garage whether personally or by 
letter we give or send him an application blank. When the blank is returned, 
we contact his former employer and other references for additional infonua' 
Uon on ins work and social Me When this material comes m, we file it with 

tast ihniQ First Name Middle Uanie tJhere do~you live nefu? 

^*’3.^132 or I'lace under 

Honie ' Address Teiephoiie ' 2’^0 0 

Home address if different from loca l Place of 2500 or nor® 

i-Jame and address of employment service regis teredines aM sex, marital 
wit h male Female statiis 

City County State }Vhite ^bingl® 

Age last Birthday Ilesro tlarried 

Date of birt h other 

nationality of father Mothe r 

Social Social Security No.. Have you a copy of your 

birth certificate Draft calssif ication 

If of foreijn birtn, answer the followinjr Ho\/ loTXtS have you lived in 

tne United States^ Years.. Are you a naturalized citizen? 

If naturalized, what is your certificate roitnber? 

AWt court issued your certificate? 

Give date on which Issued ^Oive name of court 


Sduoational Be cord 

In elementary and secondary school 1,. 2545^789 1-0 11 12 

Hsve you attended a t 'ade or vocational school? 

If so ilvo the anme of the schoo l 

JJumber of months aflCended school 

Name of vocation for which trained 

Date left Did you take chemistry pretaininj to' materials? 

I f not did you take any chemistry? kind 

Did you take physics? Shop I&thematics? 

Bookkeeulnr;? W hat line of work are you interested in? 

' 

V/ould you consent to having us place you in a different line' of work i? 
w© see fit to do so? 


Emplojmeut Be cord 

If now employed jive details below on your work 


^ whom employeed 

Address 

Lenirth of time ennloyed 

* Kind of employment 


Viages? Per 

Give the names of two additional 

references, pref© able on educational 

reference 


T 


Additional information and employment may be written on the other *ld® 
of this sheot.. 


Fig, 10. iSoaple gnploTn^iit oppUeedton blank. 
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the application blank and if favorable, we contact the prospective employee. 
We find It essentially necessary to learn everything about our employees 
possible that will assist us in placing them in the right job, and to bring 
to a minimum misplacement of men v;ho do not fit and avoid hiring people 
whose background of training is good but whose work habits are not the 
best for employment We are interested only in information concerning the 
employee^’s work and work habits All other information is strictly the 
empIoyee''s own personal business and does not concern us. 

If the applicant is hired, he is put to work in his own field if experienced, 
and if not, he is put to work wherever help is needed and allowed to select 
the unit or field of work in which he is mterested. Employees with no past 
experience receive $16 per week for the first three months, $18 per week 
for the second three months and then $20 per week until the employee 
warrants a raise Men with experience receive $25 per week for the first 
month and from there the mechanic is paid above $25 ^on the basis of 
productivity. This mformation is gamed from the sales slips. 

We prefer people with a high school education or with vocational 
school training Although this is not a requirement, it is highly desirable 
and we select our employees with this background over those without it All 
foremen must have a high school education or vocational school training 
and three years’ trade experience as a minimum. Their salary ranges from 
$30 to $38 per week. 

We have found that many men fail because of not havmg the opportunity 
to advance. In order to allow advancement we have set up positive outlines 
of job limits. At any time an employee has the privilege of going to the 
manager and statmg his case for advancement, and if good he is given time 
to prove that he can produce and show a profit If he is successful, he is 
advanced to assist the foreman and to take over for him when absent. In 
adhtion he is given a $3 weekly raise The information on the mechanic’s 
ability to produce is gained from observing the employee, the sales slips 
and unit ledgers Two of our employees have advanced to become assistant 
foreman during the past two years and have done an excellent job We do 
not wish to hold anyone down and by allowmg this advancement the unit 
foreman is always on guard to see that he knows his job 

Applicants for welding must have a high school education or have 
completed courses in chemistry pertainmg to materials, physics and shop 
mathematics. The prospective employee must show mterest in welding and 
this IS brought out durmg the interview. Very .often we place our employees 
in other units of work so that they may be able to assist m these units when 
work m their major unit is slow, or when we experience or have a rush 
period of work in other units 

Many men are able and qualified to handle bigger jobs than they now 
hold We endeavor at all times to give our men the opportunity to take 
over a job about which they are doubtful in order to show them that they 
are capable of a more responsible job. This is allowed after they have 
discussed the procedure with the foreman The mam purposes of the 
shop personnel department are to place the right man in the right job, pay 
the nght wages and provide opportunities for advancement. 

Conclusion — In this analysis, we have given the organization of the 
service station and its advancement or progress during the past two years. 
There remains much to be done and we have endeavored to point out the 
operating units and the necessary activity to operate the busmess. We feel 
that welding has been launched as a new tool for progress. 





Chapter III — Straight Line Mass Production Methods Speed the 

Defense Program 

By George F. Wolfe, 

Chief Phiit Engineer, Engineering Wor^5 Division^ Drava Corporation, ?{eviUe Islands 

Pittsburgh, Pa. 

Subject Matter: Assembly line metbod used for the production 
of submarine chasers and other vessels. Large sections of the 
hulls are prefabricated by welding. The partly completed vessels 
are then assembled side by side in a line. The vessel in the 
launching ways is launched sideways and the vessel next in line 
is moved into its place by transfer carriages. Throughout the 
plant every effort is made to secure positional welding. Jigs are 
used for the assembly of sections. In applying stiffening members 
to plating a traveling head moves over a loose assembly and 
holds members in place for welding. Large bending machines 
are used to bend plates to various angles. A reduction in weld' 
ing time and improvement of weld is noted. Savings have been 
George F. Woife definitely established. 

Foreword — The definition of a "Tlant Weldery'’ as that part of a plant 
supplying welded parts for the rest of the plant must be given a rather wide 
interpretation. A few years ago ‘‘‘’Plant Welderies’’ were small departments 
tucked away in some obscure corner so they would not interfere with the 
main operations of the average industry. This is no longer the case as the 
phenomenal advancement of welding has burst these bonds of restraint and 
today we have gone all out for welding and have developed what may prop- 
erly be termed ‘'Welding Plants’’. 

This is not a paper on shipbuilding. It deals with an original and unique 
method of manufacturing which can be used to cover a wide range of 
welded products and its use is peculiarly adapted only to welding. The 
description of ships and shipbuilding included herein constitutes only one 
possible application of this method. 


Fig. 1. Submailxie Chaser PC-490 was tha first all welded sea-going Egfifing vessel to 
be launched from a production assembly line. 
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Fig. 2. Final erection oi subchasers on new outdoor osseinblr line permitted maximum 
production proportionate to launching way space required. 


Straight Line Mass Production Methods Speed the Defense Program — 
Shortly after noon on October 18, 1941, amid the applause of thousands of 
spectators and the whistled salutes of nver craft, submanne chaser PC''490 
slid smoothly from the launchmg ways, (See Fig 1), and floated gracefully 
on the placid surface of the Ohio River For the first time since the War of 
1812 a sea^^going Navy fighting vessel had been launched at an inland nver 
shipyard. 

That was the making of history from the angle of the news reporter, but 
more important to industry, and to the welding industry in particular, are 
the developments which preceded this launching and which have permitted 
the launching of subsequent vessels from the same ways at unusually frequent 
intervals ever since as part of a program which can continue as long as the 
present national crisis demands. 

Long before the troubled murmurings of a world m turmoil reached the 
upper waters of the Ohio River the operators of this shipyard had recog" 
mzcd the inevitable growth of welding and had done considerable about it 
In the so called old days, and at that only ten years ago, this was a plant 
almost entirely given over to nveting. At that time no attempt was made by 
the operating force to develop nvetmg guns as the market was well supplied 
by the manufacturers of such equipment. Likewise with the swing over to 
welding, it was felt that there would be an ample source of supply for weld- 
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ing equipment. Thus the efforts of the operating personnel were left free 
to concentrate on the thing that was felt to be of even greater importance 
than the equipment itself: the development of methods to utilise this new 
too! for the greatest benefit of all concerned. 

The PC''490 was the first Navy fighting vessel ever to be launched from 
an assembly line. The application of assembly line methods had been in- 
stituted in an indoor assembly plant at this same shipyard in 1937 to insure 
the year around uninterrupted production of river equipment. With the 
sudden demand for an immense increase in ship production and the rapid 
congestion in the established shipyards, attention was focused upon this 
plant to see if the assembly line method of production could be expanded 
to meet the emergency. After a thorough investigation by the Navy Depart- 
ment, contracts covering various types of vessels were awarded this plant 
and production assembly lines for the building and launching of a great 
number of vessels have been placed in service at three yards located at 
Pittsburgh, Pa., Wilmington, Del. and Stockton, Cal. 

With the introduction of Navy vessels into an inland shipyard there was 
also introduced the problem of continued production of river craft of aimost 
equal importance to meet the demand for the transporation of oil, coal and 
other materials needed in connection with the same defense program. The 
launching ways at the Neville Island Plant in the Pittsburgh district are 
of the side launching type with the total length of available ways definitely 
restricted due to property limits and existing structures. The usual type of 
river craft is of a fairly simple structure and can be assembled in a few 
weeks, but the Navy vessels, being of a much more complex structure, 
usually require several months in the erection berth before they are ready to 
launch. 



Hg. 3. The transfer carriages, equipped with hydrouHc facks, permit the moTement ol 


cmy size Tessel pn dte production assembly line. 









P^. 4 The combmcrtion of two whirler crones with fairly simple rigging permitted the 
turning over of large irregular preassemblies. 


Reference to the sketch shown in Fig. 2 will show the location of the 
assembly line that was built in the summer of 1941 at Neville Island as a 
solution to this first problem of additional way space without the sacrifice 
of too much of the productive area. Three lines of transfer tracks wpe 
built between the existing indoor assembly plant and the sloping launching 
ways. As you will note from the sketch, this space permits the location of 
four vessels in line while the transfer track system provided for the move- 
ment of the vessels progressively forward from position No. 1 to position 
No. 4 from which they are launched. 

The movement of the vessels in their various stages of completion is 
accomplished by means of a number of four wheel carriages equipped with 
hydraulic jacks, (See Fig. 3). These carriages, of 120 tons capacity each, 
have the jacks built in at each corner and are operated by a hand pump 
which controls all four jacks. The pressure system is supplied with a gauge 
which is used to equalise the load on the several carriages so that the ship 
will not be subjected to undue strains. The wheels, which are roller bearing 
equipped, are of solid steel 18 inches in diametet by 4V2dnches thick and 
run on tracks consisting of a six inch channel with flanges upwelded to the 
top flange of 24 inch Tbeams resting on concrete piers. At the point of 
cross''Over with the whirler crane track removable sections are used for the 
transfer tracks to provide for unobstructed crane operation except at the 
time of transfer of the vessel across the crane track. 

The space provided by this new assembly line was not sufficient in itself 
to make full provision to meet the requirements of the delivery schedule 
set up. Before any erection was started in position No. 1 the entire hull of 
these vessels, with the exception of that section comprising the engine room, 
was erected in an upside down position elsewhere in the yard in the location 
shown in Fig. 2. Structural steel jigs, resting on concrete foundations, were 



provided for this preliminary assembly. These jigs were of a fairly simple 
nature due to the inverted position of the ship as it was only necessary for 
them to conform to the almost flat deck surface. 

The pi'eassembly area described above was in turn likewise provided with 
subassemblies built up elsewhere. A platen located near the upside down 
assembly site served for the assembly of all frames before their entry into the 
larger units. All bulkheads were assembled on flat steel floors located in the 
main structural shop before being brought to the erection site. Since it is 
not the purpose of this paper to enter into a discussion of welding technique 
we will not go into the details of the welding of these bulkheads except suffix 
ciently to point out the need of proper equipment for work of this nature. 

The bulkheads entering into these vessels were of light gauge plate with 
tee stiffeners at frequent intervals. The result of the combination of consider^ 
able w;elding with light steel was unusual distortion which had to be kept 
out or removed later with great expense and delay. After many experiments 
the method adopted was to first weld the joints of the individual plates and 
then tack the entire plate assembly securely to a flat steel floor before the 
addition of the stiffeners. A half inch bow was put in the stiffeners so that 
when they were forced down to the plate and tacked, the contact edges were 
in compression, thus offsetting the normal bowing from the subsequent weld" 
ing. Welding of the stiffeners was then completed and the few resultant 
buckles were removed by the spot heat and water quench method. 

Since the main hull sections were built in jigs in an upside down position, 
their transportation to the erection site in position No. 1 on the assembly 
line and the turning over of these sections had to be given careful study. 
The transportation problem was easily solved as several gantry cranes were 
available so the turning over of these large irregular pieces became the major 
problem. As the general cross section of the hull, and particularly that of 
the bow section, approached a triangle, the center of gravity lay quite out- 
side the center of rotation as the section would be rotated, so that critical 


Bg. 5. Production lino methods utilize large areas ior erection quite remote from the 
actual launching ways where spoce is at a premium. 
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Fig, 8, grapha show a comparison dt the coat of the various operations in Ih® shop 

labriccition ol steel fof a coal barge. In the case of the welded barge# fitting and welding# 
totalling olmost 70 per cent of the work require large floor areas but reduce final erection 

time and expense. 

positions would be encountered in the turning operation Model tests were 
made to determine these critical points and it was decided that the turning 
operation should be accomplished with block and tackle in order that hauling 
and snubbing would be coordinated 

References to the photograph in Fig. 4 will show this turning ng which 
consisted of an equalisiing beam fitted with shackles and a pair of 30dnch 
diameter sheaves One inch diameter wire rope slings were fitted around 
the hull sections and passed over the sheaves. A belt of wooden planks, 
three frame spaces wide, held together by means of a %unch diameter wire 
rope strung through them, then tightened around the hull section by means 
of a tumbuckic, was placed between the slings and the hull for protection, 
A gunwale protecting timber was also fitted in way of the turning cables and 
the hull was shored internally to prevent squee5;ing. 

A preassembly was lifted and brought to the erection site, and, while 
the main hooks of two gantry cranes held it in the air, the turning was 
accomplished by the block and tackle, one end of the line being secured to 
a lug welded to the hull. As a measure of precaution, and in order to over- 
come the tendency of the preassembly to roll back at the critical positions, 
another turning line was connected to the whip hook of one of the cranes. 
Similarly snubbing was done through a block and tackle and again a separate 
snubbing line was attached to the whip hook of the second crane. Through 
this method of riggmg the turning of the preassembled hull sections was* 
hept under control at all times. 

Upon completion of the turning operations of the forward and after 
sections they were set in place on permanent steel blocking carried on con^ 
Crete foundations. The engine room section was already in place so the end 
sections, while still held by the mam hooks of the two gantry cranes, were 
liullcd home by means of tumbuckles attached to lugs welded to the adjoin^' 
mg sections At each joint about 18 inches of the lap of the shell plates 
had been left unwelded to facilitate £tting and to assist in controlling the 
overfall length of the vessel at this time. 

Following the assembly of the first hull in position No. 1 and the finish^ 
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mg of enough welding to permit its movement without fear of distortion, 
the transfer carnages were placed m position and the entire assembly was 
picked up and moved over to position No 2. As additional hulls were 
erected the movement was progressively forward and when the line was 
entirely filled the first hull was ready for launchmg with all the exterior under 
water work completed and all of the heavy machinery in place 

Many benefits were shown in the application of the use of assembly line 
methods in the building of these submanne chasers among which are the 
following. (1) a substantial reduction m fittmg and welding time, (2) an 
overall improvement in the quality of the weld in direct ratio to the amount 
of position welding obtainable, (3) building the vessel m sections allows rehef 
points for locked up or internal stresses due to welding shrinkage and per^ 
mits adjustment of proper overall length of the vessel, (4) the possibility of 
using a greater number of welders with only average qualifications, that is, 
qualified for downhand welding only, (5) conservation of launching way 
space 

We have cited here only one specific case of assembly production line 
methods with a few of the benefits which are the direct result of these newer 
methods of construction Before pursuing this subject further we wish to 
divert your attention away from the assembly yard long enough to portray 
some of the very important changes that are necessary in the fabricating 
shop in order to meet the demands made by the assembly lines for proper 
preassemblies Once the matter of shop fabrication is disposed of we will 
discuss other assembly lines which are now in operation as well as some 
now under consideration which are a most radical departure from any 
hitherto considered 
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Stgr. 8, Structural shop designed and rearranged to meet the demand for large shop 
assemblies dicioied by welding. 

Fabricating Shop Requires Modernization to Meet Demands of Assembly 
Production Lines — ^The introduction of welding into a structural shop built 
up for riveting raised many new problems and the advent of assembly lines 
for ship erection intensified the situation This shop, in common with many 
others, was a well arranged shop for riveting and had reached a peak of 
production in 1929 At that time a total tonnage averaging about 2500 
tons per month was fabneated, mostly nveted and largely barge steel 

Shop operations were confined to what we may term fairly simple opera- 
tions: shearing, burning, a limited amount of bending, punching and rivet- 
ing Very few shop assemblies were made in ship construction except for 
some flat work which was limited to bulkheads, trusses and rake frames 
In many fabricating shops similar to our own, economical design was handi- 
capped due to the lack of proper equipment and particularly such machines 
as bending rolls and press brakes In barge construction, as well as in sea- 
going vessels, comer angles were used m place of bent plates with the 
resultant loss of cargo carrying capacity 
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As welding became more common and new plants were placed in opera^ 
tion with little more than burning and welding equipment, shop assembly 
was not introduced at first and most of the welding was done at the erection 
site. The product of such plants was usually of the tailor made type and 
these plants did not lend themselves to speedy or mass production. With 
the- increase in business starting in 1936 the first demand for all welded 
equipm.eiit arose as welding had been growing during the depression. This 
demand, coupled with the fact that positioned shop welding was of better 
quality and more economical than vertical and overhead welding at the 
erection sites, soon dictated better shop equipment for mass production. 

This influx of welding and its requirement for shop assemblies of a type 
hitherto unheard of created new fabricating requirements, the main one 
being sufficient working area. Reference to the circular graphs in Fig. 6 
illmtrates this need. In a riveted barge approximately 75 per cent of the 
shop labor and required area w^ere taken up by the preparation of the steel 
prior to fitting. This material was mostly flat work easily stacked and not 
requiring much working area. Since most of the steel was shipped to the 



Fig. 9. Shopes pioperly pxoportioned for welding are cut from standard clioamels In 

special die equipped punch. 
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Ftg. 10. This 600-ton punch press, equipped with a vonriety of dies, can produce practically 
0 Tery bent plate fobiication re<iu!red. 


erection site without shop assembly the area devoted to fitting and riveting 
was small For the welded barge these conditions were reversed as fitting 
and welding were now the major operations The shop assemblies are of a 
vastly different nature requiring much space and special equipment such 
as steel assembly floors, surface tables and numerous jigs. 

A typical shop of the nveted era is shown in Fig 7 with its machinery 
spread over the entire shop and having only small scattered areas for the 
fitting and riveting requirements. With a total change in space requirements 
as shown m the graphs in Fig. 6 this shop had to be rearranged in order 
to get proper and economical productivity 

The results of this rearrangement are shown in Fig 8 An extension 
was built at the lower nght corner of the shop and all fixed fabricating 
machinery was moved to the left end of the shop toward the source of incom" 
Ing material. Of an area approximately 120,000 square feet m the entire 
shop, more than 70,000 square feet or about 60 per cent of the under roof 
area was now available for large shop assemblies, never dreamed of m the 
days of nveting but absolutely essential to the success of the application of 
production assembly Ime methods to shipbuildmg. 

As the rearrangement of the shop progressed much of the punching and 
riveting equipment was scrapped or altered to suit present day requirements 
A rack punch, ongmally installed for the multiple punching of shapes, has 
been fitted with special shear blades for the purpose of shearing standard 
channel sections on a serrated line as shown in Fig. 9 The resulting two 
pieces, produced at a minimum of expense, have me general shape of an 
angle but a depth two thirds that of the original channel provides a most 
efficient distribution of the material This new section, made possible by 
providing special shop equipment for its manufacture, permits sealed weld^ 
ing with the equivalent of only 50 per cent of a single full continuous bead 
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Originated at this plant, the serrated angle constmction has been adopted 
by the navy department and is being used in many vessels built for the 
defense program. 

The studied application of welding has shown the economy of keeping 
the amount of welding to a minimum and has directed attention to the 
bene€t of using bent plates in lieu of welded corners. While this is true 
in structural work generally an even greater saving is found in barge and 
ship construction. Most vessels require a right angle plate bend at the 
junction of the deck plating with the side plating and a bend of considerable 
radius at the bilge line. The punch press shown in Fig. 10, with a short 
length of die, was capable of performing such operations but required a great 
number of strokes to bend such plates which usually run from 25 to 35 feet 
in length with the bending on the long side of the plate. 

In order to meet the requirements for the bending of such plating more 
economically an unprecedented size of press brake was built to our specifica" 
tions. The five-foot gap on the former press was incorporated in the new 
press brake, shown in Fig. 11, but the length of die was increased to 36 feet 
and enough power was supplied to bend plates up to %-inch in thickness 
and the full length of the die at a single stroke. Today this is one of the 
busiest and most useful tools in the shop. In addition to taking care of all 
plate bending operations for our own activities we have contracted to bend 
plates for other shipyards and during the past year we have bent more 
than 25,000 tons of plates up to 36 feet in length for use by eastern coast 
shipbuilders. 

The development of the use of production assembly lines for the erection 
of ships at the launching sites set up shop requirements not previously de- 



Fig. 11. This newer type of press brake has a capacity of bending a 36-foot by ^-Indi 
plate to 90 degrees or more In o single stroke. 
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Kg. 12. The design of this "fit and tack" machine permits the rapid placing of materials 
in it by the overhead traveling crone, 

manded. In order to keep the assembly lines in motion it is necessary to 
deliver to them as large preassemblies as can be handled to the yard. The 
final results in the yard are greatly dependent upon the accuracy of such 
preassembled sections so provision must be made in the shop for true 
and accurate assemblies. 

One of the primary shop assemblies is the application of stiffening mem^ 
bers to plating. As a hand operation this process is slow and expensive, 
requiring careful layout work on the plating and the tedious fitting of the 
stiffening members, which usually consist of an angle with a toe contacting 
the plate. Proper consideration of this problem resulted in the design and 
development of the “fit and tack" machine shown in Fig. 12. This machine 
consists of a steel floor over which is mounted a traveling head. In operating 
this machine a plate is laid on the steel floor in a position determined by 
jigs and the longitudinal stiffening members are dropped into jigged slots 
for approximate location. The fitting head, shown in Fig. 13, which is 
equipped with horisjontal adjusting and vertical clamping motions, is then 
run over the assembly and holds the longitudinals firmly and accurately to 
the plate for hand tacking. The traveling head, which works in either 
direction of movement, is run off in the clear at either end of the floor so 
that overhead cranes can handle the materials to the machine and remove 
the assemblies quickly and economically. 

Jigging of assembly operations is utilized wherever possible. A recent 
visitor referred to the “fit and tack" machine as the most expensive jig 
he had ever seen, but the results have justified the investment. Numerous 
other jigs are used from the simple type of flat plate jig for such items as 
rake or transverse frames up to the elaborate box type of jig shown in 
Fig. 14, where a side box section of a coal barge is being assembled. The 
box section shown, having dimensions of 35 feet by ll feet by 3 feet, is 
one of four such sections comprising the entire side of a 175-foot coal barge 
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and is largely dependent on proper jigging to insure that accuracy of shape 
and dimension necessary for the successful usage of large preassembiies. 

Even larger jigs are required at times and for this purpose large plane 
steel floors are provided as a base for such jigs. The use of such a floor 
for jigging is shown in Fig. 15, where a 45^{oot towboat is being erected 
upside down on a jig built up from , the steel floor to fit the irregular deck 
of the vessel. Similar jigs have been used in outdoor assembly such as 
referred to in the preassembly of subchaser hulls and in the building of 
large towboats. Fig. 16 shows the erection of the entire forward section 
of a towboat having a beam of 36 feet. Similar jigs were used for the very 
irregular aft hull sections of this twin screw, tunnel type towboat and it is 
needless to point out the economy of such a procedure and particularly so 
where half a dosjen vessels were built. 

Throughout the shop preassemblies every effort is made to get positioned 
welding. We previously pointed out some of the advantages of positioned 
welding such as the ability to use more ordinary welders. The value of posi- 
tioned welding cannot be overestimated so every effort is made to place 
the work in the proper position for downhand welding. For flat work such 
■as the plate and angle assemblies coming from the ““fit and tack” machine, 
tilting tables such as shown in Fig. 17 are used. In the case of the larger 
assembhes which are often carried into sizes such as shown in Fig. 18, where 
rake ends 30 feet by 12 feet by 9 feet are shop assembled, other methods 
.are used. These larger assemblies are turned into various positions by the 
overhead cranes and inclined beams are provided at the side walls of the 
shop to support these large sections at the proper angle for most efficient 
welding as shown in Fig. 19. 

Hand welding has played the major part in shop welding in the ship 
and structural shops to date. In this plant a training school is operated 
constantly in order to furnish properly trained men. The standards are 
high as practically all of the work is under the direction of various govern^ 



ricr. 13. The irmreling head mov^es over &e loose assembly and then holds die membera 
!' firmly and accuiottely in place lox bond tacking. 
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Tig. 14. This ^eczhle ii? provides for the speed? and accurate assembly of a coal barge 
side box section measuring 35 by 11 by 3 feet. 

ment inspection or falls under the classification of the American Bureau 
of Shipping. At the Wilmington yard, which is quite removed from the 
Neville Island plant, many of the welders come from the local trade schools 
and with some additional training develop rapidly into good welders. 

The application of automatic or machine welding has been studied for 
many years and is gradually being developed. The large assemblies built 
up in a shop of this nature do not lend themselves to ready handling to 
the welding machine so it was necessary to devise means of taking the 
machine to the assemblies. A Tornado welding unit was mounted on a 
wall crane as shown in Fig. 20 in such^a manner as to cover a floor area 
of approximately 25 feet by 200 feet. With such a large area available it 
is now possible to place enough work under the machine to secure con- 
tinuous and economical operation. To secure the best results, care in design 
of the structure to be welded in a machine operation is very necessary so 
that long continuous welds are in accessible locations. One of the most 
successful applications of the carbon arc has been in the welding of side 
box sections for carfloats. These preassemblies, as shown in Fig. 21, are 
about 24 feet by 11 feet by 9 feet and weigh 18 tons each. Proper design 
for machine welding provided a large number of full length welds on these 
box sections. Thus in one lot of fourteen carfloats approximately ten 
miles of automatic welding was obtainable by means of a judicious com- 
bination of designing for the welding operation and providing a flexible 
mounting for the welding equipm^t. 

All of the changes in shop arrangement and the introduction of new 
equipment have resulted in many economies and have permitted an increase 
in production which was most timely. This shop, with a maximum pro- 
duction of 2500 tons per month on riveted work has more than doubled 
this performance on welded fabrication since its modernisation. Further 
this welded fabrication has been carried to a much more advanced state 
of completion in the shop than was the former riveted output. This greatly 
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increased efficiency is the direct result of coordinating a well developed 
welding organisation with a properly equipped shop. 

The Development of Production Assembly lines in Shipyards — ^The first 
attempt to adapt the principle of production assembly line methods to ship 
construction was made at the Neville Island plant of Dravo Corporation 
in 1936. Vessels were erected in positions inboard of the crane tracks and 
were moved over into the launching position on concrete filled pipe rollers. 
This was an experimental step and the advantages were so apparent that 
plans were placed underway after a short trial period which resulted in the 
building of the first indoor barge assembly plant. 

This indoor plant, which is shown in the upper left hand comer in Fig. 
2 was successful from the beginning and soon demonstrated the many 
advantages of applying production methods to ship construction. With the 
advent of increased production necessitated by the defense program and 
the requirement for rapid expansion of shipbuilding facilities, additional 
assembly lines appeared to be the proper answer. 

The first requirement was the building of a number of Navy vessels 
and assembly lines were set up for this purpose at yards in Wilmington, Del. 
and Stockton, Calif. Remarkable speed was obtained on these lines and the 
deliveries of the vessels were most satisfactory. Some of these ve^els were 
sublet to an established west coast builder but Dravo was able to build 
an entirely new yard incorporating an assembly line and complete a larger 
quota in less time than the subcontractor required using conventional 
methods. 

A second project soon followed the first navy order and a general survey 
of yard requirements indicated that additional lines would have to be added 



Hg. IS. Large plane steel floor areas toicflflIcEte llte figging^ of such irregular shapes as 
flxe all welded 454oOf fowBo(xt h^ ^own here. 





Hg. 16« The combixia!io& of upside down ossembly. simple figging and adequate crone 
service insures speedy^ economicol and sound workmansliip. 
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at both the Neville Island and Wilmington yards if private contracts were 
to be completed together with the rapidly growing demand for Navy equip" 
ment. The schedule of deliveries for the vessels discussed previously required 
a mmimum of four building berths which, as will be noted by reference 
to Fig. 22, would have required half of the entire building area available 
on the launching ways. 

With the barge shop already in service it was considered most desirable 
to keep the flow of vessels from it quite uninterrupted so a new assembly 
line as shown in Fig. 2 was erected. This new line permitted the securing 
of the requisite number of building berths at a minimum of expense and 


delay and offered no obstruction to the regular flow of vessels from the 
barge shop. A comparison of the yard as shown in Fig. 22 above with that 
of the revised yard as shown in Fig. 23 will show the tremendous increase 
in working area without any increase in the river frontage or in the required 
equipment. In making provision for the new assembly line for the subchasers 
no new crane equipment was necessary and the short assembly tracks were 
put in at small expense. At this part of the yard the launching ways were 
on close centers and only two new ways had to be added. The position of 
the same vessel in the locations as shown in Fig. 22 would have required 
four more new ways. 

Conditions similar to these had likewise been developed at the Wilming" 
ton yard where the congestion was even greater. The first assembly line 
was put in service at Wilmington late in 1940 and it was followed by another 
line built late in 1941. The sketch above shows the maximum capacity of 
this yard without assembly lines on the basis of work now under contract 
but with the addition of the assembly lines shown in Fig. 25 the capacity 
of this yard, in terms of actual structural tonnage in place on the building 
berths, has more than doubled. 

It should be noted that with the addition of the assembly lines shown 
in Fig, 25 that there has been some increase in other facilities but that they 
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Rg. 17. Kiting tables permit flat work to be readily positioned for downbond welding. 

Equipment of this type should be portable. 

are of rather limited extent, A second crane track with two gantry whirler 
cranes was added as well as a new railroad siding. No other changes in 
the yard were required so that the proportionate increase in the capacity 
of the yard was far ahead of the increased investment. The yard at the time 
of these improvements was occupying all of the river frontage then available 
and the use of the assembly lines was the only practical method to improve 
the capacity without a major expenditure. The more than doubled capacity 
was therefore obtained at an increase in cost of less than fifty per cent 
of the cost of the yard as shown in the original state. 

The operation of such concentrated work is likewise carried out at 
lesser cost than where the work is spread out over a much greater area. 
Careful attention must be given to the planning of both the shop pre^ 
assemblies and the erection at the building berths to insure a carefully 
scheduled operation and 'to prevent the undue congestion of material at any 
point in the system. The movement of the vessels on the production lines 
permits the various groups of labor to be constantly engaged on the same 
operation with a resultant high efficiency both in quality of product and 
economy of performance. 

The entry of the United States into the present world war has put new 
and greater demands on the shipbuilding yards which will be met in large 
part by the introduction of the assembly line methods on a much larger scale 
than those discussed above. These installations cannot be treated in fxill 
nor can their locations be given, but we will endeavor to show in a general 
way what is being accomplished. 

All of the new yards under construction are based upon the principle 
of erecting the vessels in positions most favorable for efficient production 
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Kg. IS. facKned supports and large floor areas are provided while ample cranes juggle 
these massive sections into advantageous working positions. 


Kg. It, lake ends of lighters embody the most difficult pari of the work but proper shop 
facilities send these fully assembled units to the erection site. 


according to the sites available and all follow the idea of moving the ships 
to a single set of launching ways. Three such installations are shown in 
Fig. 26 and each type shown has been designed to meet special conditions 
which are largely dictated by the chosen sites and the desired results. As 
will be noted from a study of the sketches various handling facilities are 
used and it should be noted that there is a great flexibility in the combina" 
tions of assembly lines and crane equipment. 

Several months prior to the declaration of war the author had occasion 
to develop a special type of assembly line as shown in Fig. 27. In this case 
it was found desirable to make provision for the transportation of the vessels 
from any erection berth directly to the launching ways. This precaution 
was to safeguard against delay in the event that machinery for any individual 
vessel might fall behind the delivery schedule. 



SECTION Vlh-COMMERaAL WELDING 


645 


In this case sixteen berths were so arranged that each on.e could feed 
directly to a transfer car for movement of the ship to the launching ways. 
By providing one large transfer car for the movement of the launching 
ways it was also possible to lay crane tracks on this transfer car and use 
it for the movement of cranes from one track to any other in order to con^ 
centrate crane power for unusually heavy lifts. Another feature of this 
design was the introduction of controlled launching by the addition of hoist- 
ing equipment to the launching carriage so that in case of necessity for 
inspection or other reasons the finished vessels could be hauled out of the 
water. 



Hg. 20. A lincoln. Tornado welding unit mounted on a wall gantz7 coTem 5000 scpxaie 
of floor where Icorge units com be grouped for automate welding. 

The author received word recently that one of his friends wais consider^ 
ing a yard somewhat similar to that shown in Fig. 27 and promptly sent 
him a photostat of the drawing shown here. A few days later a letter 
of acknowledgment was received of which the following is a partial quota-' 
tion: ‘"You will be interested to know that we have arrived at an almost 
identical solution to the problem. The chief variation being that we will 
place our ways one on each side of a tower whirler track with a space 
between that and the next pair to give additional working room, some storage 
room, and for the facilities such as locker and washrooms, foremen’s offices* 
power transformers, etc.” 

This letter was of course most gratifying but it is also most indicative 
of the present trend in plant facilities. Welding has imposed demands upon 
us for new ideas and new methods and in order to get the greatest benefits 
out of welded construction we must develop welding plants that are as 
progressive as the welding process itself. 

Assembly production lines will without a doubt play a large part in 
the production of ships in the next few years. In the next and final chapter 
wc will endeavor to point out some’ of the benefits secured from the com^ 
bination of a properly designed fabricating plant with production assembly 
lines. 
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Rg* 21. Qghieen ton side sections of corfloats shown on ground were designed to permit 
numerous full length runs of hecnry automatic welding. 


The Economic and Social Benefits of Welding Production Lines — ^In a 
summation of the numerous benefits derived from the proper coordination 
of a modem fabrication shop with the use of welding production lines we 
shall endeavor to give as siearly as possible figures which are the result 
of actual performance. Where it is necessary to forecast future results we 
shall endeavor to make only such assumptions as those which have a sound 
basis of facts behind them. 

It is most diflScult to show the value of a fabricating shop as compared 
to other shops but during the past year the author had an unusual oppor^ 
tunity to definitely establish such a comparison for the shop previously 
described. At the request of the office of production management a serious 
and widespread effort was made by the management of this plant to sub' 
contract a portion of the fabrication of structural steel for ships in order 



Fig. 22. Without production assembly lines the Neville Island yard wottld have a limited 

capacity as shown here. 
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to accept additional defense work for which this plant was particularly 
well equipped. 

The fabricated steel to be sublet consisted of barge hulls of fairly simpL 
design and of all welded construction. Many shops were contacted covenfif 
practically all of those within a 300-iniIe radius of Pittsburgh. Some of ths 
bigger shops were unable to quote due to prior commitments so that th< 
bids received were representative of what we may call the average shop 
Of more than fifty plants investigated only half a do 2 ;eii bids were received 
Considering only the three lowest bids, the results expressed m term 
of excess pnce per ton over the selling pace as already in the contract 
were as follows: 


Bidder A — Pittsburgh District. $28 00 per ton excess. 

Bidder B — Eastern Coast — 31.90 per ton excess. 

Bidder C — Pittsburgh District. 40.30 per ton excess. 


Avemge of these three bids. ...$33.40 per ton excess. 


These bids represented the only alternate source of supply available h 
the latter part of 1941 and serve as a direct measure of the economy o 
a properly equipped fabncatmg shop. Durmg the year of 1941 the plan 
descnbed herem fabricated a total of 47,000 tons of steel, which at a saving 
of $33.40 per ton, would show a total saving to the buyer of $1,569,800 
Actually this saving would have been even more for the three low bidder 
did not have a combmed capacity sufficient to produce more than hal 
of the 47,000 tons. 

The followmg is an extract from a letter in which we made the fina 
report of the above survey to the O. P M. office; “As a result of thes( 
many contacts and the resultmg discussions of equipment and fabricatini 
methods, we have arrived at the conclusion that the average structural sho] 



Fig, 23. New assembly line ,ot center of yccrd togeUier with die bcoge sbop Bnes permlli 
a mcDdmnm of eree^oa in a minimum space. 
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does not have equipment suitable for the bending operations involved in 
ship construction. The average shop is likewise set up for riveted work 
and IS not sufficiently experienced in weldmg and particmarly in the shop 
assembly of the large sections predicated by the assembly hne metnods 
originated by Dravo to be competitive ’’ r i ir 

We believe that the above data is a true measure of the emci^cy or 
a properly designed and equipped shop for the purpose intended: ^the 
production of welded steel preassemblies. ^ 

The application of production assembly lines to ship construction has 
passed the experimental stage and enough work has passed over such Knes 
in the past few years so that the saving in cost has been very definitely 
established. A conservative overall saving can be placed at ten per cent of 
the entire cost of the work. Many factors contribute to this saving but 
the greatest factor is that of repetitive effort on the part of the workman 
at each station. After the first few vessels are built on the line there is 
a marked step up in production due to the ability of the workmen to proceed 
without constant reference to the drawings. The fitters soon recogni 2 ;e each 
piece by its marking or appearance, the tackers know just what points 
require support and the welders soon develop a special technique for each 
individual weld. 

A proper source of supply for the preassemblies permits these lines to 
guarantee the workman steady work without those layoffs which are in^ 
evitable when the ordinary methods of construction are used. All of these 
factors have been considered since the United States has entered the present 
world war and a large number of new production a^embly lines are now 
under construction in many parts of the country. It is not possible to ^ve 
specific data on these new plants nor is it possible to divulge their location 
but it is possible to state that at the present time shipbuilding contracts 
in excess of $1,500,000,000 have been awarded to plants which will use 
the assembly line methods described an this paper. 

On the basis of a savmg which we are assuming as extremely conserva^ 
tive at 10 per cent the use of assembly Hne methods on this defense work 
now under contract will show a direct saving of $150,000,000, In this day 
of figures of astronomical proportions that is not what we may call a large 
sum, but in the later years of reconstruction and adjustment it will be 
considered a real saving. 

The allocation of contracts covering ship construction on assembly lines 
as cited above is only the beginning of continued awards for such work. 




Fig. 25. Ilia addition of iha as8enibl7 lines has more dum doubled ihe actacd stmclordl 
tonnage In place in the Yctrd as compared with the some Towels shown on ^he wofs 


in Fig* 24* 


A news release in the Boston Herald under the date of March 16, 1942, 
contains the following information: tremendous new contract calling 

for the construction of 200 Liberty cargo ships by means of a secret adapta-* 
tion of the automobile mdustry’s assembly Ime technique was announced 
tonight by the Maritime Commission. A new shipyard equivalent to 28 
conventional shipways, will be biult near New Orleans, and the 200 ships, 
each of 10,500 deadweight tons, are all to be completed before the end 
of 1943 ” 

This project alone, with a total value of $350,000,000 will result in a 
similar saving of a minimum of 10 per cent, as indicated m reference to 
work previously allotted to assembly lines, or the not insignificant sum of 
$35,000,000 The secret adaptation of the assembly line is not as secret 
as inferred, nor is it a direct application of the automobile industry's methods. 
It is actually a duplication of the methods which have had several years 
of semnd application m shipbuilding although the general idea of furoduction 
hnes was established in the automobile industry. 



Fig* 26. Several t^pee of oseemblf Hnee cdl tend to oonowitrate tbe erection In a central 
area with the movement of tbe veseele to a ^gle set of launching woire. 
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Bg. 27 . Thi* yard, wWle embodying the principles of assembly methods, permit* 
the movement of any ves«el from Its erection site directly to the launching ways. 


The savings in the actual buildmg of ships on. assembly lines are not the 
only economies involved in such construction Another news writer, Gordon 
Sanders, m an article also in the Boston Herald under the date of March 
15, 1942, states that m 1937 there were in active usage in the United States 
only 10 shipyards having a total of 46 buildmg ways The rapid growth 
since then is set forth in an editorial m the January, 1942, issue of Marme 
Age which reads as follows; "In February, 1941, there were 170 buildmg 
ways in this country capable of accommodating steel vessels of 300 or more 
feet in length m 45 private yards Today, 65 private shipbuildmg yards 
have 406 building ways engaged m buildmg steel sea^going vessels for 
government and private account ” This increase of 360 building ways reprc" 
sents the expenditure of a total investment of approximately $300,000,000, 
as the average allotment for new shipbuilding ways of the conventional 
and launching type for vessels of 300 feet and over has been costing from 
$750,000 to $1,000,000 per shipway. This figure covers all the facilities 
required for the erection and outfittmg of ships but does not include struc- 
tural fabrication shops and main manufactunng machine shops. 

In connection with the allotment of the vanous ship contracts for asscm^ 
bly hne construction there has been a corresponding increase m the require-* 
ments for erection and launchmg faalities The work now assigned to such 
assembly hues would require a minimum of probably 150 conventional 
launching ways at a cost of $150,000,000 The use of the assembly line 
methods, as previously shown, permits a greater concentration of work 
and a consequent lesser expenditure which we may safely say is about 
60 to 70 per cent of the usual cost or a savmg in these new faalitics of 
$45,000,000 to $60,000,000 A similar saving could have been effected in 
the expansion of yards during the period between 1937 and 1942 had the 
assembly line methods been given a wider adoption sooner which would 
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have saved approximately $100,000,000 of the $300,000,000 expended 
during that period. 

This sudden and extensive adoption of the use of assembly Hne methods 
by the government will undoubtedly have an effect on all future ship- 
building. All of the yards now being built are being financed with govern- 
ment money and here again a large saving is being shown due to the 
economy of such installations. Savings of this nature all react to the 
general public welfare and will tend to speed the adoption of such methods 
by numerous shipbuilders in the future. The reports covering the ship- 
building market for 1941 showed a volume of work under contract on 
October 1, 1941, amounting to $12,000,000,000. It is safe to assume 
that at least half of this work could be produced on assembly lines so that 
the potential saving is very real. When business gets back to normal 
such methods will become imperative if a plant expects to remain competitive. 

In summing up aU of the above it is difficult to present the results with- 
out fear of accusation of exaggeration. The savings due to a modem fabri- 
cating shop have been very definitely established but at the present time 
entirely new shops are under construction where the experience gained here 
will permit of even better choice and arrangement of equipment which will 
result in even better performance and greater economies. Many of the new 
production assembly lines are being developed only after careful study of 
those already in operation. These new plants are being designed with full 
cognizance of the small comforts which can be incorporated into such 
facilities in order to make working conditions more pleasant for the work- 
men. Every effort is being made to observe all safety requirements so that 
accidents can be kept down to a minimum and the health of the men 
preserved. These items cannot be evaluated in dollars alone but they will 
contribute in a great degree to the defense effort and enable us to retain 
the American way of living. 



Chapter IV — Operating a Plant Weldery 
By Virgil Cochran 

Assisttint Superintendent, LeToumeau Co. of Ceorgitt, ‘Toccoa, Georgia 



Virgfl Cochran 


Subject Matter: Casting and riveting is a thing of the past. The 
plant described has utilised welding completely even m 
construction of its buildings which are made of steel bmlding 
block. The blocks are panels which are welded into a unit with 
welded cross trusses. I-Beams are used in with concrete tor 
flooring, and the roof is supported every 46 feet by IS-inch ^pc 
columns. The roofing material is also made up of panels. The 
shop is divided into T departments of which fabricating and 
welding is one department. Shapes are cut by acetylene torch 
and metal is bent and shaped by rolls, presses and press b^kes. 
Jigs of various kinds are made for positioning structures. Grad- 
uates of high schools are given training as welders.^ Each part 
of structure is designed for a certain weld, and the informarion 
is given on the drawings by using the symbols of the American 
Welding Society. Machine tools were produced by the plant in 
order to produce shells. 


We have a method of joining metals in the United States pday that few 
people realise the advantages and possibilities of. That is electric arc 
welding. ^Ve have seen the many uses which have been made of arc 
welding since the war started and wonder how long it would have taken 
to reach the present stage of welding if it had not been for the war. 

Yet, what of the future? Will the progress of welding continue or have 
we reached the end? I believe we are just opening the door on future 
possibilities. Casting and riveting are a thing of the past as an important 
mctiiod of produdng metal products. 

I do not believe there is a plant in the United States that for its size 
.utilizes the process of arc welding for the manufacturing of steel products 
more than the company for which I work. 

The company Jor which I am working has been manufacturing heavy 
grading equipment fay the arc welding method since 1931 when they started 
out on a shoestring with but a mere handful of men. Today, that company 
has grown to where it now has four manufacturing plants in the United 
States and one in Australia. The plant which will be discussed in this paper 
is one which was started November of 1938. Our company employs at this 
plant 2,000 men and women. The welding department employs an average 
of 250 welders. 

As far as I know our plant is difiFerent from any other industrial plant in 
the world. My reason for making this statement is that everything connected 
with our plant is arc welded steel. The plant building itself is welded from 
steel. The employees’ houses, the company-operated filling station, the 
hangar at the company’s private airport, ihe oflSce building, the warehouse, 
the company-operated dairy and cattle bam, water and fuel storage tanks, 
and the equipment used in the plant — ever 3 rthing has been made of steel 
joined together by arc welding. Surely the byword of our company is true, 
it is “welded together.” 
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Hg* 1. Alri^cme Tiew of mean biiUdingr office and iiandling fmildizigs« 


Construction of Building — ^You might ask why is everything made of 
welded steel? The answer is for several reasons. The first one — ^because of 
one man s vision. Our president believes that regardless of how good a job 
is being done there is always a better way of doing it, and that is by welding. 
His vision of future construction of houses and all buildings is welded 
steel construction. 

Second — ^the cost of construction is comparable to wooden construction 
while the upkeep and maintenance is negligible, consisting only of painting. 

Third — ^simplicity of construction. The buildings can be constructed 
by the production line method using standardized parts. 

Fourth — speed of construction. Using production line methods, a five or 
six room house can be built in less than a month. After looking at Fig. 1 
you might wonder just how all these different types of weldings can be 
constructed of standardized parts. It is this: All of the buildings mentioned 
are made of steel building blocks of a standard size 44 inches wide by 88 
inches long either 4, 6, or 18 inches thick. This panel is shown in Fig. 2. The 
panel is fabricated from two sheets of steel, 46 inches x 90 inches of 12^gauge 
material. These sheets are stamped in a mechanical press to a shape which 
will hold them rigid. They are then welded together facing each other with 
trusses bending from one sheet to the other. In the building these are 
arranged in sudi a manner as to make a self-supporting wall or roof. These 
are welded together in various combinations to get the desired results. 

I will briefly describe the main plant building. It is a structure 368 feet 
wide by 598 feet in length. It is 24 feet high. The floor is 6-inch thick 
concrete with 6-inch Jr. I-Beams set in the cement every 23 x 46 feet. 
These I-Beams served as forms while the cement was being poured. At 
present it is a “ground”’ network for the welding machines. 

The walls of the building are made of 6-indi thick “building panels” 
and has a double row of windows all the way aroimd the outside, (See Fig. 3) . 
The roof is made of the 18-inch thick builchng panels and is supported every 
46 feet by an 18-inch pipe column. This pipe column is welded to the 
I-Beams in the floor and to the roof. Tdf these columns are welded two 
rings on which swing two “boom” cranes. One is of two-ton caoacitv and 
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the other is 15 "ton capacity. These cranes are swung from each column roof 
support so that the entire floor area is serviced by cranes. These cranes are 
also constructed entirely by arc welding. This network of boom cranes 
along with our fixtures for positioning structures for welding makes it 
unnecessary to have any overhead crane. Hg. 4 clearly shows how these 
cranes are arranged. ^ . 

Our business is to manufacture heavy earthmoving equipment consisting 
mainly of scrapers, sheeps foot rollers, rooters and tournapulls. Each of these 
products is constructed entirely of a high tensile steel fabricated by arc 
welding. Fig. 5 shows our largest tractor and scraper combination which is 
capable of '^scooping” up 60 cubic yards of dirt, carrying it for any distance 
at speeds up to 14 miles per hour and then spreading the dirt to any desired 
depth. This piece of equipment is operated entirely by one man. 



Fl^. 2. Building panel showing two stamped sheets with welded cross truss. 

Shop Organization — Our shop is divided into five major departments, 
each of which has several sub" departments within them. These major 
departments are; steel cutting and forming, machine shop, fabrication and 
welding, cleaning and painting and shipping departments. The superim 
tendent is over the whole plant. Each major department is supervised by a 
general foreman who has several foremen and sub"foremen under hu 
direction. 

The purpose of our steel department, (See Fig. 6), is to store the large 
quantity of plates, angles, channels, sheets and bar stock necessary foi 
fabricating our equipment, also to cut this steel to shape by torch cutting, 
shearing, punching or sawing. 

Most of our material is cut with the acetylene torch either by hand or or 
a shape cutter which uses wood and metal templates and can cut various and 
odd"shaped pieces accurately and cuts them three at a time. This is a fasi 
method of cutting, and the smooth, accurate cuts made by this method speed 
up the welding operations considerably. Another way of speeding up welding 
time and cutting costs is to bend and shape the metal as much as possible tc 
save welding it. This is done in the steel department using presses, rolls and 
press brakes. By properly using this equipment the number of inches oi 
feet of welding required can be cut in half. Figs, 7 and 8 show some of this 
eqtiipment. 

When the parts leave the cutting department they pass into a control 
room where they are stored until needed or else they are routed to the 
machine shop or weldinsf deoartments. If at all oossible. we marbino nm 
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parts before welding them and then use jigs and fixtures for lining up the 
parts. But when accuracy counts, we always machine the structures after 
welding. 

Welding Fixtures' — In the fabrication and welding departments our aim 
is ‘"to get the best quality of work in the least time.'’ To accomplish this, we 
use the largest and fastest electrodes that the material used can stand. Nearly 
all of the welding is done in the flat or fillet positions. Very little x’ertical 
and overhead welding, if any, is done in the plant. Everything we make is 
welded in positioning jigs which can be turned and rotated so that every 
weld can be made in the flat or honsjontal position. Figs. 9 through 12 show 
a few of these welding jigs. 

We have two classes of fabricating jigs, the set-up jigs and the welding 
jigs. Sometimes, though, these two are combined into a single set-up and 
welding jig. Our set-up jigs are used for setting up and tack welding the 
various parts together. The welding jigs are used for rotating the ^xucture 
while welding. 

The jig itself is a rigidly-braced skeleton framework on which are line-up 
pins, stops and clamps to hold the parts in the correct position while welding. 

A good set-up and welding jig should have eight characteristics to make 
it successful. These characteristics are: 1, A jig must be light; 2, It must 
be strong and rigid; 3, It must be accurate; 4, It must be simple to use; 5, It 
must be so made that parts can be easily placed in it; 6, It must be made so 
that the finished structures can be earily removed; 7, It must be made so that 
all welds are exposed and easily accessible;' 8, It must be correctly , balanced 
and easily positioned. 

There is but one main reason for using welding positioning jigs and that 



Fig. 3. latezior of pfcmf in steel department 
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fig* 4. Wel <^9 fabrication departmenL 


is to cut costs. Besides lowering costs the positioning jig does five separate 
things. They are: 

L Increases quality and appearance: — ^This is accomplished because all 
the welds are made in a flat or horizontal position and run with large high- 
speed electrodes. 

2. Increases speed: — ^Again this is accomplished by using large high-speed 
electrodes. Instead of using % 2 ''iiich and Yi^'inch electrodes in making the 
welds in a vertical position, a |4^inch or -inch and sometimes l^dnch 
electrode is used and the weld is run flat. We have cut our welding time by 
50 percent in most places by using jigs. 

3. Welding and set-up jigs make identical and uniform structures: — ^This 
is absolutely necessary on a production line where a completed unit is made 
up of prefabricated substructures. If these substructures are not all exactly 
the same, the main structure will not go together properly. 

4. Welding jigs prevent warpage from expansion and contraction :--^The 
welding jigs have clamps and stops which hold the parts to the desired 
shape. In many cases the jigs are made to preform the parts before welding 
to counteract the shrinkage and warpage due to welding. 

5. Welding jigs permit the use of inexperienced operators: — ^This is espe- ' 
dally beneficial at the present time when there is such a decided lack of 
experienced men. In a few months an operator can be trained to make 
satisfactory flat welds in a positioning jig. 

We use many different types and sizes of positioning jigs both large and 
small and both power-controlled and hand-controlled. Some of these jigs 
handle structures weighing up to five tons. 

Welding School — Of the approximately 250 operators working for our 
company only a very small handful have done any welding previously. We 
have found it much more satisfactory to train our own welders rather than 
to hire men who have already been weldiqg at other occupations and other 
places. Our main reason for this is that in a great many places, the welders 
are accustomed to using only the smallest size rods/% 2 "hich, %e-inch and 
% 2 'i^ch, while in outwork we utilize the larger rod^, mo^y j^dneh, Yie' 
inch and l^-inch. All of our work is done by hand, Using high-speed elec- 
trodes. In hiring men who have welded on other jobs, we have found it 
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Kg. 5. 4(K)-Horsepow’er Diesel Tractor BCKyord scraper^ every port arc vrelded. 


difEcult to get them to use these larger electrodes and follow prcx:edures as 
we have set them up. But by bringing in inexperienced men, training them 
in the way we want our welding done, and the methods and procedures 
used, we then do not have to worry about them. In training our welders, we 
take high school graduates, preferably, in groups of ten and give them two 
weeks or 100 hours of combined welding practice, lecture room and study. 
They are put in the plant, given scrap plate materials and are first shown 
how to properly strike an arc at the desired location. They are then shown 
how to run flat welds, then fillet welds, proceeding on to semi-vertical, 
vertical and overhead welds, using various sizes and types of electrodes. For 
one hour a day, the instructor takes these men into a classroom where they 
study the terminology, theory and practice of welding. When the men are 
practicing welding, the welds are broken open so they can see what is on 
the inside and they are given instruction on keeping good dean welds and 
not just on surface appearance. 

Welding Tests— As welding operators go from one job to another, they 
are given tests to be sure that they can succe^ully do the welding necessary. 
In our type of work, we do not feel that it is necessary to give the men the 
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c\istomary tests of nick break, bending and tension. It is our opinion that 
for production welding it is not necessary for an operator to pass tension, 
bending or nick break tests, as these generally show only the quality of the 
weld metaL Our electrodes have been tested sufficiently to know what type 
metal they will give when deposited. 

The welder, if he has been given the proper instruction and taught the 
proper procedures in welding, and if he has welding as his ambition, will 
do the best he can to deposit good welds. If this is done, and if the proper 
electrodes are used, the welding will be satisfactory. W^e have four classes 
of welders: Class I, which is flat and fillet welding ynth %^nnch and Vrmch 
electrodes; Class II, which is flat and fillet welding using large^ and high- 
speed electrodes; Class III, which is for fillet, semi^vertical, horizontal and 
overhead; Class IV, using any type of electrode in any position. In all of 
our tests, we use the following procedure: The plates are welded, using the 
given size rod at given amperage and in a specified position. These tests 
are then graded as follows: 



Fig. 7. (left). Metal iormixi? diyision of steel department. Fig. B, (right). 700-ton 

mechanical press. 


The time used by the operator to make each plate is recorded in seconds. 
The time for each plate is compared with the standard time allowed, and 
if the actual is in excess, the plate is rejected. 

After the welds have been deposited on all the plates of a given test, the 
instructor, who gives the test, slags and brushes all the beads and removes 
the plates from the jigs. The weld size is determined by a gauge, and is 
recorded. Plus or minus one-sixteenth (±: ^^dnch) of an inch is allowed 
on the size of weld that was specified. 

The plates are graded on the center four inches of weld which excludes 
one inch at each end of the six-inch plates. This allows the operator an inch 
of bead to get started and an inch to finish up. 

The plates are then graded on surface appearance which is broken into 
two separate parts — ^undercut or over-lap and general surface appearance. 
The surface appearance is graded on the basis of roughness, irregularities of 
the edges, holes, taper of weld and regularity of ripples." A minimum grade 
of 80 percent is allowed. By 80 percent is mean that surface is 20 percent bad. 

The amount of undercut is graded next. A minimum grade of 80 per cent 
is allowed or 20 percent of the four linear inches of weld can be undercut. 
The depth of the undercut also has a bearing on the grade. Since undercut 
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reduces the cross-sectional area of the parent metal, it is vtij objectionable 
and so is graded rather closely. 

Overlap occurs infrequently, but, when it does, it is just as objectionable 
as undercut, and therefore is graded similarly. 

At this point the plates are broken open from which grades on penetra- 
tion, slag inclusion, gas holes, and porosity can be determined. 

Since penetration in a weld is very important, a minimum grade of 90 
per cent is allowed. An application of the fundamentals of good welding will 
result in good penetration, and because it does, the grading is rathet tough. 

Slag inclusions in a weld are a sign of poor welding technique, and at 
the same time, reduces the cross-sectional throat area of the bead greatly, 
resulting in less strength. Therefore, a minimum grade of 90 percent is 
allowed. 

The greatest reducer of bead, cross-sectional throat area is slag holes. A 
large amount of gas holes result when using a short arc, especially ^"all 
position” rods. In accordance, a minimum grade of 75 percent is allowed. 
This grade seems rather liberal, but it is necessary due to the affinity of the 
rods and material for gas holes. 

Hand in hand with the gas holes is porosity, produced by the same 
faulty technique. A minimum grade of 80 percent is allowed. 

A summary of the items and their minimum grades follows: 


Time less than the standard time allowed 

Size zt ^^ 0 'inch 

Undercut — .80 percent 

Surface Appearance 80 percent • 

Penetration — 90 percent 

Slag inclusions 90 percent 

Gas holes 75 percent 


Porosity 80 percent 

If a grade is below the minimum on any one item, the operator fails the 
entire test. At a later date, preferably at least one month interval, the 
operator must repeat the entire test. 

These definite characteristics are graded quite rigidly, and the operator 
cannot go from the work of one class to another unless he has satisfactorily 
passed the required tests. 



n?. 9, (left). Rotating set-up and welding fig. Fig. lO, (right), Rototing ]ig to sel-ap andl 


’ weld bnildiiig panels. 
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Tig. 11, flrfl). Botating Jig for setiing up and welding house plumbing system. 
Fig. 12e (right). Double-octiisg positioning jig. 


V/c require one element in our welding tests that, to my^ knowledge, 
is not being done elsewhere. Our tests are all uniform and made in special 
jigs. Each test is timed and it must be welded at production speeds. If the 
operator fails to make the test within the time limit he fails the test. 

We do this because we believe that a welder can usually pass a test if 
you give him enough time. But the tests should show what kind of welds 
an operator can turn out at production speeds. 

Welding Procedures— We realize that most welders do not know what 
size welds are necessary on all of our equipment, and that they usually put 
just enough weld on to look good. Also our equipment must pass a rigid 
inspection set up by our service department which requires the necessary 
size of welds. Then, too, we use an incentive system for our welders which 
gives an accurate cost on all of our equipment. These requirements make 
it necessary to have an accurate system of control on our weld sizes. To do 
this we have set up a procedure system for all of our welding. The welding 
engineer, with the welding instructors, analyzes each structure which must 
be welded in the plant. They then decide what size each weld should be, 
what size and type electrode should be used in making each weld, what 
position that weld should be run in, what amperage should be used, and 
how many beads should be used in making the weld. This information is 
dien shown on all of our fabrication drawings and is typed on procedure 
sheets which are given to each department foreman. 

Each instructor knows these procedures by heart, and as he circulates 
through the department, instructing the welders on quality of work, he also 
instructs them in correctly following procedures. This is another 

reason why it is not necessary for us to use experienced welders in our plant, 
because we can take inexperienced men, teach them the fundamental pro^ 
cedures of welding, give them copies of our written procedures which they 
can follow; thus, the quality and type of welding and the sequence of welds 
as made on the structures are not left up to each individual operator's opinion 
but arc given to him definitely and must be followed. 

Our procedure sheet has the job broken down into elements, and each 
weld is listed with all the information necessary to properly make that weld. 

Looking at the information shown for each weld you will sec something 
like this: % G — 30 

The interpretation of this is: Make a ^-inch flat weld in two passes using a 
l^nnch all position mild steel electrode at 300 amperes. 
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The first fraction always gives the si 2 ;e of weld, the letter following shows 
in what position the weld is made, the sub-number following shows the 
number of passes necessary to make this weld. The next capital letter tells 
which type of electrode should be used, and the two digit number following 
that is the amperage used without the last digit, thus 30 = 300 amperes; 
40 z= 400 amperes, etc. 

The Welding Symbols — In the past, in nearly every organization, the 
engineering department designed a structure or piece of machinery either 
to be made of cast iron or of riveted construction, and in designing this 
piece of equipment they included in their drawings each minute detail, so 
the inspection department, production department and the actual worker 
knew exactly what was desired and proceeded on that basis. Harmony, 
from the engineering department to the worker, was possible through a com- 
mon language — ^the "'drawing.” 

With the rapid development of arc welding, and its application to all 
industries and their products, engineering departments, having been trained 
to other methods of fabrication, were at loss as to where to properly place a 
weld and what size bead should be used. This was usually left in the hands 
of the operator, who sometimes did an excellent job and other times was 
responsible for failures in welds. 

Poor design by the engineering department caused failures that could 
often be blamed to some other department, which usually resulted in poor 
co-operation or friction. 

The need for a common language in welding was imperative, and through 
the American Welding Society, engineers, inspectors, foremen and operators 
in all types of industries, a symbol system was devised which consists of 
simple signs and figures. 

These symbols make possible: (1), location of each weld; (2), size of 
the weld; (3), type of weld (fillet, butt weld, beveled end, etc.) ; (4), position 
of weld (vertical, horizontal, overhead, flat, etc.); (5), number of beads or 
passes necessary to make the weld strong enough for the stresses in that 
particular joint; (6), size of electrode for each pass; (7), type of electrode 
for each pass; (8), machine setting in amperes for each pass. 



Fig. 13. Heav 7 -dut 3 r by welded lathe. 
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Rg. 14. Lathe division of shell department 

The welding symbols adopted by our company are identical with those 
of the American Welding Society, with the exception that a few symbols 
have been added to make possible the application of the symbol system to the 
standards system now employed in this plant. 

Three outstanding advantages of the symbol system have been found 
in our plant and they are as follows:' (1), symbols convey to the operator, 
inspection department and cost department those requirements of the engi- 
neering department which are necessary for successful and low-cost produc- 
tion or construction; (2), symbols specifically instruct the operator with 
regard to the size, length of weld, etc., so that it will meet the requirements 
of the job it is to do, and also pass inspection; (3), symbols assist in helping 
the operator meet his standards, by specifically indicating the number of 
passes required as set up by both the engineering and standards departments. 

Incentive System — ^As in any other process of manufacturing, cost is the 
most important matter. If your cost of manufacturing is high you lose money 
and go out of business. If you keep costs down your business succeeds and 
makes a profit. No matter how good welding procedures you have or how 
good welding operators you have unless these men work steadily and 
efficiently your costs will be high. In order to keep our men working efficiently 
we have installed an incentive system through which our men are paid 
a bonus according to the amount of work they turn out. 

This is done by making careful time studies of all welding operations 
with a stop watch. To the actual time, correction factors are added for the 
man’s ability and speed of welding, and for the effort that he puts into his 
welding. From this it is determined how many units go into the making of 
any weld of any certain si 2 ;e. A unit can be comparable to a minute, but 
instead of being a unit of time, it is a unit of work. Thus, a y 2 'inch. fillet 
weld 10 inches long would take 20 units of work rather than 20 minutes 
of time. 

Each operator marks up on a check sheet what he has done during the 
day. Beside each one of the elements listed is a standard unit of work. The 
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operator can then compute the number of units of work he has done during 
the shift. All men are paid a base rate for their particular job. On top of 
this for any work which they do that averages more than 60 units an hour, 
they are paid a premium* Each unit is equal to the base rate per minute. Each 
month the cost accounting department computes the total number of units 
turned out in each department. Against the number of units produced, they 
compute the amount of expense that goes into this department. Then, by 
dividing the total number of units produced into the total expense of that 
department, they can compute the unit cost. From the standards put on each 
operation of a given structure they know how many units go into the 
manufacture of one piece of equipment. Then by multiplying the total 
number of units in a piece of equipment by the unit cost they arrive at an 
accurate manufacturing cost for that particular piece of equipment for the 
previous month. 

Manufacturing Shell Equipment — ^At the present time, one of the most 
important topics of the day is the subject of welding for National Defense. 
I am afraid most people, when they think of welding in National Defense, 
immediately think of shipbuilding and airplane manufacture. This is an 
entirely new field for welding in the United States and very little “use of 
it has been made up until the time we started preparing for World War 
No. II. There are many other applications of welding for defense in which 
welding is just as important as in shipbuilding and airplane manufacturing, 
but very little thought is given to it. The phase of welding for defense I wish 
to discuss in this paper is that of an industrial manufacturing.concern using 
its welding-'fabrication department to produce the machine tools necessary 
to manufacture shells. 

A War Contract — ^When World War No. II affected the United States, 
our plant was inspected by army ordnance engineers and we were asked 
to bid on a contract for machining 155-millimeter shells. Realnjing that 
every plant in the United States must help out in order to win the war, 
our company placed a bid and was awarded a contract to machine 155- 
millimeter shells,. In order to manufacture these shells, we found that it was 
necessary to more than double our quantity of machine tools, and in spite 
of the fact that we had the highest priority ratings, we found that it would 
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load of 30 tons. 
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be impossible to secure adcJitional maebine tools in less than 12 months. Real" 
izing the necessity of immediately starting to produce these shells, we decided 
to fabricate and make our own, machine tools. In less than a years time, 
we had produced the following eejuipment; 75 automatic lathes, 3 nosing 
presses, 3 shot blasts, 9 oihfired heat treating furnaces, a conveyor system 
and 2 piercing presses for making shell forgings. Each of these structures has 
been made entirely of welded steel construction. The material was cut from 
standard steel sections and plates, shaped, welded and machined. 

The advantages of these machines with similar machines which are on 
the market today are many. The first of these advantages is the speed of 
construction. This has been vitally necessary to us, as the time it would 
have taken us to secure the necessa^ equipment by buying it on the market 
would have required months of waiting for deliveries before we would have 
been able to start production. 

The second advantage of this welded equipment is the cost of machm^ 
used in machining the forgings compared to the purchased price. We built 
by the welding method for approximately ^ of what similar machines would 
have cost if we had to purchase them. 



Fig. IS. Heavy-duty trailer with load of 75 tons. 


Another advantage of manufacturing our machine tools is that we could 
make them of extremely heavy-duty construction. This allows for fast 
machining using heavy cuts and a minimum of maintenance. Also the 
machines do not have to be leveled and fastened to the floor. They are 
absolutely rigid and can be picked up and inOved ctnywhere and they will 
still retain their accuracy. Another advantage is that we could design our 
equipment so that when our war contracM:s are. over with, we could revise 
the tools very easily and use them in our regular production. This way there 
would be no loss to ourselves or to the government by the purchasing of 
special equipment. The last advantage of using our own manufactured 
equipment is that there is no shut-down waiting for replacement parts because 
we are able to manufacture everything for these machines in our own plant 
and can always keep a supply on hand. We feel that our electric welded 
machine tools are far superior and far stronger to any other equipment that 
can be purchased and they have allowed us to get ‘into full production on 
government contracts while other plants are still waiting for machine tools 
to be delivered to them. Fig. 13 shows one of the welded lathes similar 
to those used in our shell department, while Fig. 14 shows a “bird’s eye” view 
of the lathe section, of the shell department. 

I Our welding for defense by no means ends with our manufacturing 
tools for shell machining. LctVloofc at some of the other equipment which 
can be used veiy definitely and is b^g used by the government in various 




Fig. 17. iUl welded steel house being hauled to location. 

phases of defense work. Eg. 15 shows a large movable crane, capable of 
picking up a load of 30 tons and carrying it at a speed of 14 mdes per hour 
wherever it is necessary for it to go. Can you imagine the various ways this 
piece of equipment might be utili2;ed by army engineers in constructing and 
repairing bridges, handling heavy artillery, loading and unloading freight 
cars and handling whatever heavy equipment that might be necessary? It 
would not be out of reason to use this crane for removing bombers which 
have crashed in landing, from the field so that other planes which are wait^ 
ing to land will have a clear field in which to do so. Fig, 16 shows a heavy" 
duty trailer capable of hauling a 75 "ton load at speeds up to 13 miles per 
hour. In a war where it is very often necessary to move heavy equipment 
in a very short time this could be used to a very distinct advantage for moving 
heavy artillery to a new position or carrying construction equipment from 
one place to another. 

One of the most serious problems which has been brought up in defense 
areas has been the matter of housing the workers. For this purpose we have 
designed a one-'room house, which contains a bathroom, kitchai, large closet, 
combination living, dining, and bedroom. This is made in a single unit of 
welded steel just the right size to be set on a flat car or large trailer and 
can be carried from place to place. All that is necessary to make this house 
livable is to set it on a flat area and connect a water line and sewer to the 
connections on the outside of the house. It is then ready to be moved into 
and to be of service. These houses, as shown in Figs. 17 and 18 can be 
constructed in a very short time and will furnish very comfortable living 
with very, very little upkeep. Practically 100 percent of our regular line of 
equipment is also being used for defense. / : ' - 

It is not hard to realize how a scraper, shown in Fig. 5 can be used in 
the construction of airports, r^''4s, btnlding sites, cantonments, railroads. 
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Fig. 18, AU welded steel house set in position. 


tank traps, bomb shelters, etc. They can also be used to maintain airports 
that have been bombed and repair them quickly to get them back in shape 
for use. 

Conclusion — ^Aside from our regular production work and the making 
of machine tools for our own use, arc welding is also used extensively for 
other purposes: 

Briefly these are: 

1. Dies, punches and fixtures for forging and punching operations — 
every one of the hundreds of dies and fixtures used in our steel depart^ 
ment have been made by arc welding. Many of our simpler punches 
have been made by torch cutting the parts, facing the cutting edges 
and grinding to shape. These require no other machining and are 
very economical, 

2. Drill jigs — all drill jigs and fixtures are fabricated from steel by 
arc welding. 

3. Salvage operations — ^Thousands of dollars are saved annually by sah 
vaging machined parts that have been turned undcrsi 2 ;e or not accord' 
ing to the. drawings. At this plant a welder always ‘'covers np’' a 
machinist’s mistakes. 

4. Maintenance — all of our machine repairing, pipework, duct work, 
etc. is done by welding, saving much time and raoney. 

When we look back over the things that have been accomplished by 
the use of arc welding in this company and think of how these products, 
made through the use of arc welding, are helping to defeat the Axis, no one 
can say that “welding does not pay.” 

NOTE: It has not been possible to show photographs or make any detailed state' 
ments concerning the equipment used in the shell department because of restrictions 
placed on us by the government. 

It has also been impossible to make cost comparisons on much of this material 
because of the radical designs used which cannot be constructed bv anv mcthnH nth^^r 
than arc welding. 


Section VIII 
Containers 


Chapter I — Liquefied Gas Storage Containers 

By J. O. Jackson 

Chief Engineer, Pittsburgh Des Moines Steel Co , Pittsburgh, Pa 


Subject Matter: A newly developed welded container for the 
storage of liquefied gas which costs less than S per cent of 
previous available types and which may be used to increase the 
annual volume delivered by the nation's natural gas pipe lines 
by 25* per cent at a saving of 4)/^ per cent of present total pipe 
line operating costs. Liquefied gas storage containers have been 
made possible because of electric fusion arc welding which alone 
can make seams in such containers which will withstand severe 
temperature variations and remain leakproof Liquefied gas 
containers require only 1 8 per cent of amount of steel, 121 jger 
cent of amount of ground space required by other containers. 
Total aniiual savings m industry through use of liquefied gas 
container would amount to $18,7^0,000 

J. 0. Jackson 



Natural gas is usually transported from the gas fields to its markets 
by pipe lines often of considerable length. The demand for gas, particularly 
in markets where it is used for heating houses, is very seasonal and if pipe 
lines are designed for peak winter loads they become excessive m cost for 
the smaller demands during the warmer months A saving would result if 
gas could be stored near market areas in sufficient quantity to permit the 
pipe lines to deliver gas at a more uniform rate throughout the year 

Gas has heretofore been stored in gas holders of the variablewolume 
types such as the telescopic watepsealed or the ''waterless’” sealed piston 
types or in spherical, blimps or bullet-shaped tanks under pressure Any of 
these types of containers would be excessively costly and would require large 
areas of ground space to store sufficient gas to materially reduce the winter 
peak demands of a pipe line even of small si 2 ;e. 

Natural gas useful for domestic and industrial heating usually contains 
a large percentage of methane and smaller amounts of butane, propane, 
ethane, hydrogen, carbon dioxide, nitrogen and water vapor and traces 
of otiher gases. The butane and propane are usually removed at the source 
by oil absorption as they cause trouble by condensing in the pipe lines. If the 
water vapor and carbon dioxide are removed from the remaining mixture by 
drying and chemical treatment the methane may be liquefied by cooling it 
to below its critical temperature, about 116 degrees Fahrenheit below zero 
and subjecting it to a pressure ‘of from 673 pounds per square inch absolute 
at its critical temperature to one atmosphere absolute at about 260 degrees 
Fahrenheit below zero* During liquefaction, the nitrogen and other inert 
gases may be removed, leaving substantially methane 

667 
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Hg. 1. Liquefied gas containers. 

About 600 cubic feet of methane measured at standard conditions of 
temperature and pressure will occupy only one cubic foot of space when 
liquefied and if cooled to 260 degrees Fahrenheit below 2;ero will exert no 
more vapor pressure on the inside of a cpntainer than the atmosphere exerts 
on the outside of it. Very large quantities of gas can be stored in the liquid 
state at 2 ;erO'gauge pressure in a comparatively small space. If gas is com^ 
pressed at atmospheric temperatures to the volume it would occupy if lique^ 
fied, a pressure of about 9000 pounds per square inch absolute would be 
required. 

The gas company serving Cleveland, Ohio with natural gas was experi^ 
encing shortages of gas in the winter seasons due to the demand having 
increased beyond the capacity of its supplying pipe lines. Studies indicated 
it would be less costly to increase the effective pipe line delivery by providing 
liquefied storage than by building an additional pipe line, A plant was 
designed and built with capacity to liquefy 4,000,000 cubic feet of gas 
per day and to regasify 3,000,000 cubic feet of liquid gas per hour. A storage 
capacity of 168,000,000 cubic feet of gas was provided in the form of three 
double^walled spherical containers, (See Fig. 1), 57 feet inside diameter and 
with about three feet of cork insulation between the two shells. 
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It was planned that the tanks would be filled dunng the fall months so 
that the stored liquid could be regasified and returned to the distribution 
mams dunng peak demand penods m the winter cold spells Since warmer 
penods usually alternate with extreme cold ones, it was believed that 
enough additional gas could be liquefied and stored between cold spells so 
that the containers would provide about twice their capacity or 336,000,000 
cubic feet of additional supply durmg the winter months 

Research work was done to determme the best matenai to use in the 
portions of the containers subjected to the intense cold* The followmg nickel 
alloy steel was found to be satisfactory and less costly than other materials 


considered: 

Carbon 08 to .12% 

Manganese 30 to 60 

Sulphur 045 max 

Phosphorus 04 max* 

Silicon 10 to .20 

Nickel 3 25 to 3 75% 


This steel was deoxidi 2 ;ed with a minimum of .08 percent alummum added 
to the ladle and after rolling the plates were normaIi2;ed at 1550 degrees F. 
After the above treatment, the steel had a grain size of 6 to 7 McQuaid and 
a Bnnnell hardness of from 149 to 152 

Because of unusually large temperature changes and resulting expansion 
and contraction, and because of the necessity of having a leakproof contamer, 
welding was considered imperative Welding permitted the construction 
of the lower part of the inner shell m contact with the insulation which 
would have been a senous problem with any other method. Satisfactory 
results were obtained by welding the special steel with electrodes having a 
composition of 25 percent chromium and 20 percent nickel. Best results 
were secured with a moderate amount of preheat, about 212 degrees Fahren^ 
heit. Weld specimens were prepared in all required thicknesses and in all 
weldmg positions which consistently showed Charpy impact values when 
tested at 260 degrees Fahrenheit below zero of over fifteen foot pounds 
in either the weld metal, the fusion or the heat affected zones. 

Drawing, Fig 2, is a cross-section showing the general construction 
and drawing, Fig. 3, the dimensions and detail design of one of the con- 
tainers The inner shell is entirely supported by corkboard insulation m 
the lower part of the outer shell The supporting columns and the outer 
shell are made of ordinary open hearth steel welded with mild steel coated 
electrodes. The entire weight of the container and contents is transferred 
to the columns through fillet welds between the outer shell and the column 
flanges Granular cork insulation is used between the two shells in the 
upper part where supporting strength is not needed, the granular material 
being equally effiaent as an insulating matenai and less costly and easier 
to place than corkboard. 

Liquefied gas is pumped in and out of the container through the five-inch 
plug valve and the connecting pipe The 18-inch pipe in the center of 
the container serves as a vent for evaporated gas and has a sKding fit at its 
upper end to accommodate expansion and contraction due to temperature 
changes. Both pipes are carried out in an msulated boot which increases the 
length of the heat path between the two shells. There ts no metallic connec- 
tion between the two shells The plug valve may be operated from the top 
of the container by removing an msulated cover. The vent pipe is adequate 
to carry off the maximum volume of gas which can evaporate under anv 
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condition and to return it to the gas system. It is provided with duplicate 
safety valves set to relieve the container if the pressure should for any 
reason rise above five pounds per square inch. In the event the two relief 
valves should both fail to operate, duplicate rupture heads are provided 
at the top of the inner sphere which are tested to burst at seven pounds 
pressure. 

The space between the two shells is vapor-'tight and a slight gas pressure 
is maintained by oil seals to prevent the entrance of any moisturedaden 
air which might impair the insulation. The liquid and vent pipes are pro^ 
vided with copper bellows'type expansion joints to permit settling of the 
inner sphere as it filled, causing the supporting insulation to shrink both 
from the increased pressure and the lower temperature. 


OP ERATJNG MECHAMI SM 
CIRCULAR STIFFENERS 


STIFFENING! 
RING 


INNER SHELL 
3-1/2% ‘NIOKELf 
NORMALIZED 


OUTER SHELL'^ 
S‘T*D CARBON. 
STEEL J 



OIL seal vent 

-12“ BACK PRESSURE VALVE 
'12" RUPTURE DISC 

■WOODEN EXPLOSION RELIEF CUPOLA 

GRANULAR CORK INSULATION 
3 TO 5 FEET THi CK 

INNER SPHERICAL SHELL 
3“l/2% NICKEL NORMALIZ ED 

OUTER SPHE RIC AL SHELL 
^TD CARBON S TEEL 
■CYLIN DRIC AL SHELL 

30" BALCO NY 

GRANULA R CWC INSULATION 
3 FEET Tl^CK ‘ 

S OLID CORK BLOCK ^NSIJLATIQN 
3 FEET THICK 
1 8" BACK PRESSURE LIN E 
18" LINE 
1 0" LINE 
gHjne 


EXPAN SION JOINT 

Rg. 2. Cross-section showing general construction. 


The top part of the outer sphere is provided with stiffening ribs to 
enable it to withstand the slight vacuum which occurs with reductions in 
the barometric pressure the oil seals having suflEcient back pressure to 
prevent venting. 

When a container is first filled the liquefied gas evapora,tes until the 
inside metal and the adjacent insulation is cooled to the temperature of 
the liquid. The evaporated gas is reliquefied until temperature stability 
is readied, after which the rate of evaporation is very slow. The rate of 
heat flow from the outside to the inside of the container at average outside 
temperature is about 65 Btu per square foot pei- 24 hours. Each container 
has 13165 square feet of exterior surface. The daily heat transfer is, there^ 
fore, about 855,000 Btu. To evaporate one pound of liquid gas at -255 
degrees F. requires 220 Btu. There would, therefore, be 3890 pounds 
or about 91,500 cubic feet of gas evaporated per day. Since each container 
holds 55,840,000 cubic feet of gas it would take over 600 days to completely 
evaporate all of the liquid from one container; The bestwacuum bottle or 
DeWar flask if filled with liquefied gas would be completely evaporated in 



SECTION rni--COSTAINERS 


671 


a few days The higher thermal efficiency of the Cleveland containers is 
due to the much smaller surface area per unit of volume. This ratio increases 
with siz^ since the volume of a sphere increases as the cube of the radius 
while the area increases only as the square. 

The completed cost of the Cleveland spheres including foundations, 
insulation, and accessories was $102,709 each. The net capacity of each 
container is 55,840,000 cubic feet The cost was, therefore, $1839 per 
milhon cubic feet of gas stored Each container required 287 tons of steel 



All SCAMS'IHSIDE AND OuTSlOE TaNKS 
To 8c Butt Welded 
Plates For inside Sphere To 
Nickel. Normalized 

Remainoer of Steel Jo Be Sto Carbon 


Diameter of inside sphere 57-0* 


Basis of^esigm- , 

Maximum- vapo'r TJressure 
Weight of liquid ^ETMANE^SSycu Ft 
Test- Hydrostatic Jo «25Vof working 
Stress in Plates 
Maximum Working umt^tress mm 
PLATES’ i3,760*a 

NET Capacity 55,840|p00 CuFtGas- 
,89,300 CU Ft HOuiD 
VAPOR Space 8 58 T* 6f Net liquid volume 


n?. 3. Dimensions and detcdl desigfn of a container. 


or 5,13 tons per milhon cubic feet. More recent designs indicate that Hque^ 
fied gas containers may be built with a net capacity of over 200,000,000 
cubic feet and at a cost of $1314 per million cubic feet and requiring 4,3 
tons of steel per million cubic feet. Drawing, Fig. 4, shows the design of a 
container of 212,560,000-cubic-foot capacity. 

Water^sealed telescopic gas holders have been built in capacities of 
several million cubic feet. The largest all-welded water-sealed gas holder 
in Britain m 1938 had a capacity of 2,000,000 cubic feet and required over 
880 tons of steel. This holder would cost about $227 per ton at present 
or $198,000 or $99,000 per million cubic feet and would require 440 gross 
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tons of steel per millioa cubic feet, A 502,000-cubic-foot bolder cost $45,000 
or about $89,700 per million cubic feet 

Waterless or sealed-piston types of gas holders have been constructed 
with capacities in excess of 20,000,000 cubic feet A 21,000,000 cubic-foot 
waterless holder built in 1937 at Gelsenkirchen, Germany, was the largest 
in the world at that time being 262 feet 6 inches m diameter and 443 feet 
high Its weight is over 5000 tons or 238 tons per million cubic feet This 
holder would cost about $200 per ton or $1,000,000 total, or $47,600 per 
million cubic feet of capacity A 12,000,000-cubic-foot waterless holder 
built for the Citi 2 ;ens Gas and Cbke Co of Indianapolis, Indiana, is 218 feet 
m diameter and 394 feet high and required 6,400,000 pounds of steel and 
7,500,000 pounds of concrete The cost is stated to be $700,000 or $58,300 
per million cubic feet and it required 269 tons of steel per million cubic feet 

Pressure containers have been built in the form of spheres and bullets or 
blimps In large capacities, spherical pressure contamers are less costly than 
other shapes The weight of spherical pressure gas containers per million 
cubic feet of free gas stored is theoretically the same for containers of any 
size or pressure, A 200-foot diameter spherical pressure holder has a volume 
of 4,190,000 cubic feet and at 34 pounds per square inch gauge pressure 
will release 9,680,000 cubic feet of gas The total weight would be 5,250 
tons or 543 tons per million cubic feet and would cost $1,050,000 or $108,400 
per million cubic feet. 

The relative costs and weights of vanous types of gas containers are 
shown m Table I. 

TABLE L—RELATIVE COST AND WEIGHT OF GAS CONTAINERS 


Type of Container 

Approximate 
Maximum Size 

Per Million Cu Ft of Cap 
Cost Wt of Steel Reqd 

1, Spherical Pressure Containers 

2 Water Sealed Holders 

3 Waterless Gas Holders 

4 Liquefied Gas Holders 

10.000. 000 cu ft 
10 000,000 cu ft 

30.000. 000 cu ft 
200,000,000 cu ft 

$108000 

$89000 

$47600 

$1314 

543 00 tons 

440 00 tons 

238 00 tons 

4 30 tons 


The saving over the cost of the waterless gas holder, the next most 
economical type of container is $46286 per million cubic feet or 97 24 percent 
The saving in the amount of steel required is 233.7 tons per million cubic 
feet or 98 2 percent. The saving in space occupied is about 3912 square 
feet ground area per million cubic feet of capacity or about 98 8 percent 
The above comparisons show that liquefied gas storage containers cost 
only a small fraction of previously available types These compansons accu' 
rately represent the container costs but they do not evaluate the over-all 
economic significance because in order to store liquefied gas it is necessary to 
first liquefy it, and in order to use it, the liquefied gas must be regasified 
In the case of pressure storage, the cost of compressing is a comparable 
expense. With water-sealed or piston-sealed gasholders, compression is 
usually not necessary for storage but because of the necessanly low-storage 
pressures compression may be necessary after storage to overcome distnbu- 
tion pipe resistance A comparison between the total estimated annual costs 
of a representative pipe line with vanous amounts of liquefied storage will 
show most accurately the economic importance of liquefied gas containers 
At the close of 1940 the investment in the natural gas mdustry in the 
United States was $2,414,490,000 or nearly double the capital employed in 
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All Scams InsiOC and OutsioC Tanks 
T o Be Butt weloco 
Plates for inside Sphere to Be 
Nickel, ncmrmalizeo 
Remainder of steel To be Sto Carbon 


Diameter of inside Sphere 89 0 


Basis of Dcsion 

MAXIMUM NAPOR PRESSURE *2%* 

WEIGHT OF Liquid methane - 26%'Cu Ft 
Test hydrostatic to i 25% or working 
STRESS IN Plates 
Maximum Working Unit Stress in 
Plates- 13.760^ 

NET Capacity 212,560,000 Cu Ft Ga^- 
339,950 Cu Ft Liquid 
Vapor Space- 8 58% of net Liquid Volume 


Hg. 4. Design of contoizief having capacitor of 212«560,000 euUe feet. 


the manufacture of automobiles. Natural gas is available in 34 states serving 
areas with an aggregate population of 35,000,000. In 1941,*. 7,824, 005 
domestic, industrial and commercial customers used 1441.692 billion cubic 
feet for which they paid $492,717,000 Natural gas fields are found in 24 
states and the production, transportation and distribution of natural gas 
gives employment to about 70,000 persons The total length of transmission 
lines in the United States is 195,130 miles of pipe ranging from 6 to 26 inches 
in diameter 

A pipe line from Amanllo, Texas to Chicago, Illinois is 24 inches in 
diameter and 923 miles in length. It has ten compressing stations with a 
total of 71,250 horsepower The capacity of this pipe line is 175 million 
cubic feet daily or 63,800,000,000 cubic feet per year. The total cost of the 
line is stated to be $75,000,000. 

Because of the fluctuation m demand, pipe lines without storage serving 
domestic and industrial consumers dehver only a portion of their annual 
capaaty. Table II, column 2, shows for the various months the ratio of gas 
delivered dunng that month to the capacity of the pipe line for a typical 
line serving industnal and domestic consumers It v^l be noted that only 
in the month of December did the line deliver its rated capacity and the 
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average for the 12 months was 77 per cent of its rated capacity. Column 
4 indicates that if storage is provided in the amount of 1.101 times the 
monthly capacity of the pi-pc line it can be made to deliver its full annual 
capacity. In this column, the minus signs indicate withdrawals from storage 
and the plus signs additions to storage. Columns 5 to 10 show similar figures 
for dehvenes of 94 per cent, 88 per cent and 82 per cent of capacity respec' 
tively. 

The cost of transporting gas in the pipe line referred to above is estimated 
to be as follows. 

Capital Investment - $75,000,000 

Annual cost of capital basis 4% bond and smkmg fund interest, 

life 40 years, salvage value 10% and taxes at 6% is 10.9471%.. 8,210,000 

Labor and supervision, 71250 h p at $5 25 374,000 

Maintenance and operation, 71250 hp. at $1 54 110,000 

Fuel at 10^ per MCF, 71250 h p at $8 78 625,000 

Total Annual Cost $9,319,000 

The total annual delivery without storage is 77 per cent of the annual 
capacity of 63.8 or 49.1 billion cubic feet. The cost per MCF (1000 cubic 
feet) is 931,900,000 cents divided by 49,100,000 or 18.96 cents per million 
cubic feet. 

Table III shows the comparative cost of liquefaction, storage and regasifi" 
cation and the total cost of transporting gas including the storage cost for 
various amounts of liquefied storage. It will be noted that the cost per 
Aousand cubic feet of added annual delivery resulting from the storage is a 
minimum of 5.95 cents at 82 per cent of capacity reaching a maximum at 88 
per cent of capacity then decreasmg to 13.42 cents per thousand at 100 per 
cent of capacity, ^^ile it is true that the lowest cost per thousand cubic feet 
of added annual dehvcry occurs for the smallest indicated amount of storage 
this does not represent the most economical storage capacity when consider 
ing the total pipe line costs. The cost per thousand cubic feet of total gas 
d^vered ranges from a high of 18.96 cents per thousand without any storage 
to 17.66 cents per thousand cubic feet with sufiScient storage to permit 
Operation at 100 per cent of annual capacity. 

If wc assume that the cost or value of the gas at its source is 10 cents per 
thousand cubic feet, the total dehvered cost from the line without storage 
is 28 96 cents per thousand cubic feet. On the basis of sufficient storage to 
permit an annual delivery of 100 per cent of capacity the cost includmg the 
value of the gas at its source is estimated to be 27 66 cents per thousand 
cubic feet. This represents a saving of 1 3 cents per thousand cubic feet or 
4.5 per cent of the dehvered cost of the gas from a pipe line without storage. 

Since the total value of gas delivered annually was stated to be $492,717,^ 
000 the saving would be 4^2 cent of $492,717,000 or $22,200,000. 

It was also stated that the total gas deliveries in the United States were 
1,441,692,000,000 cubic feet. The total saving calculated on this quantity 
at 1.3 cents per thousand cubic feet is $18,750,000 per year. 

The total volume of storage which would be required so that all of the 
nation’s pipe lines could operate at full capacity based on Tabic 2 is 170 
billion cubic feet. This amount of storage if provided in waterless holders 
would cost $1,700,000,000. It obviously would be uneconomical to spend 
this amount to save $18,750,000 per year Liquefied storage could be pxo^ 
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TABLE m— COMPARATIVE COST OF TRANSPORTING GAS WITH 
VARIOUS AMOUNTS OF LIQUEFIH) STORAGE 

Total Storage, billions of cu ft .... 

Annual Delivery, % of Capaaty.. 

Total Annual Delivery, billion cu 

ft 

Liquefaction capacity required, 
million cu. ft per 24 hours.... 

Added Annual Delivery, billion 

cu. ft 

Capital Investment in Containers, 

millions of dollars 

Capital Investment in Liquefaction 

Plant, millions of dollars 

Total Capital Investment, miL 
lions of dollars... — 

Annual capital cost (1) of con- 
tainers at 10 524% 

Annual capital cost (2) of lique- 
faction plant at 10 842% 

Labor and supervision, estimated 
Maintenance and operation, esti- 
mated 

Fuel at 25c per MCF = $43 95 


0 

.341 

1 90 

3 88 

5.78 

77% 

82% 

86% 

94% 

100% 

49 1 

52 3 

56 20 

60 00 

63 80 

0 

6 38 

41 3 

48.2 

52.0 

0 

3 20 

7.10 

10 9 

14.7 

0 

$448 

$2 50 

$5.10 

$7 60 

0 

$958 

$6 20 

$7.23 

$7 80 

0 

$1 406 

$8.70 

$12 33 

$15.40 

0 

$47,300 

$264,000 

$537,000 

$800,000 

0 

104,000 

672,000 

784,000 

845,000 

0 

20,300 

25,100 

32,300 

43,100 

0 

4,000 

27,000 

31,000 

34,000 

0 

15,000 

83,500 

170,000 

254,000 

0 

$190,600 

$1,071,600 

$1,554,300 

$1,976,100 


Cost per MCF added annual de- 
livery — 0 

Total Annual Cost including pipe 

hne, millions of dollars $9 381 

Cost per MCF, total gas delivered 18 96c 
Cost per MCF, including cost of 

gas at 10c per MCF 28 96c 

Saving over no storage, cents per 

MCF 0 

Per cent saving over no storage 0 


5 950 

15.1c 

14.25c 

13 42c 

$9 510 
18.2c 

$10,391 

18.45c 

$10 873 

18 10c 

$11,295 
17 66c 

28 2c 

28 45c 

28,10c 

27 66c 

.70c 

2 42% 

.51c 

1.41% 

.86c 

2.97% 

1 30c 

4 50% 


(1) Based on reference (19) Life 50 years, bond and sinking fund interest 4%, salvage 
value 20%, taxes 6%, factor = 10 524%. 

(2) Based on reference (19) Life 40 years, bond and sinking fund interest 4%, salvage 
value 20%, taxes 6%, factor = 10 842% 


vided for approximately $223,000,000 or at a total saving of $1,527,000,000 
over the cost of the best previous type of container On the basis of 4 per 
cent interest the annual saving of $18,75 0,000 would justify a capital expendi- 
ture of $468,750,000 or over twice the cost of the liquefied storage 

Conclusion — 1, Liquefied gas storage containers have been made possible 
because of electnc fusion arc welding which is the only known method of 
making seams m such containers which will withstand the severe temperature 
variations and remain leakproof. 

2, Liquefied gas containers in the most economical si 2 ;es which have 
been designed cost only about 2.76 per cent as much as previously available 
types. 

3, Liquefied gas containers require only about 1 8 per cent of the amount 
of steel for their construction as is required by the most economical type 
previously available. 

4, Liquefied gas contamers require only about 1.21 per cent of the ground 
space required by the best previously known containers in this respect 
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5, Liquefied gas containers may be used to increase the effective capacity 
of gas transportation lines with the maximum result that the lines may be 
made to deliver their full annual capacity and at a saving of approximately 4 J 
per cent of the cost of all gas delivered by the system. 

6, The total annual saving which should result from the complete use 
of liquefied gas storage in pipe line distribution systems only, is estimated 
to be $18,750,000 which capitalised at 4 per cent indicates the economic 
value of liquefied gas containers in this industry to be $468,750,000. 

7, Other advantages of the use of liquefied gas storage containers are 
that they permit continuous operation of gas wells, pumping facilities, and 
gas transmission lines at their optimum capacity and they provide large 
quantities of stored gas near the market as a reserve, reducing interruptions 
to service because of failure of pumping facilities, washouts of pipe lines, 
and other causes. 



Chapter II — Design and Production of Heat Exchangers 
By S. Arnold Smith, 

Chief Engineer, The VJhitloc\ Manufdcturing Co,, Hartford, Conn. 


Subject Matter: Developments in the design of heat exchangers 
with particular reference to storage water heaters. The design 
and production of heat exchangers and pressure vessels has been 
simplified and improved by the use of arc welding. The writer 
developed a method of producing welding neck flanges to meet 
storage heater requirements by fabricating them from bar stock. 
A full description of the method is given. The writer estimates 
the reduction in cost in favor of welded design to be $39.74 or 
cent. The saving by weight of materials is estimated 
to be 7 per cent. 


The design and production of heat exchangers and pressure vessels has 
been simplified and improved by the use of arc welding. Not only has arc 
welding enabled the designing engineer to use a lighter weight of raw 
materials, to produce a better product than was possible with previous 
methods of construction, but it opens up an almost unlimited field for types 
of construction which were practically impossible before the advent of 
welding. 

In designing heat exchangers, the engineer is confronted with the 
problems involved in designing for safe internal working pressures varying 
from vacuum conditions to pressures of 2000 pounds per square inch or 
more; for temperatures ranging from 200 degree F. or lower below 2;ero to 
1000 degree F. or higher above zero; and for corrosive conditions requiring 
the use of almost every material capable of being formed and welded. 

The construction involved is frequently of such nature that the- old 
methods of fabrication by means of castings and riveted designs are practically 
out of the question, either by virtue of excessive cost or of the difficulties of 
producing a satisfactorily finished product. Areas exposed to high operating 
pressure should be designed as compact as possible to reduce the total 
pressure area, thus holding the total pressure load to a minimum. Parts 
subjected to wide variations in temperature should be as flexible as possible. 
For these and many other conditions, welding is now an indispensable tool 
in the hands of the designer and manufacturer of heat exchange equipment. 

In this paper, it is proposed to touch very briefly on the general subject 
of heat exoiangers, their use and application, and, selecting one regularly 
manufactured piece of equipment, point out^the differences in design neces^ 
sary in changing from riveted to welded construction and the benefits result- 
ing therefrom. 

^^hat Are Heat Exchangers — ^The name is really self-explanatory. Heat 
exchangers are used to effect the transfer of heat from any liquid, gas or 
vapor to another of these media. 

A tubular heat exchanger consists, essentially, of a number of relatively 
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small'’si2;ed mbes enclosed in a shell or casing, with means provided to keep 
the two fluids entirely separate from each other with absolutely no inters 
leakage and, at the same time, comply with the factors involved in the 
efficient design of such equipment, namely relatively high velocities to In'- 
crease the rate at which heat is transferred from the one fluid to the other, 
and relatively low pressure losses to reduce pumping costs and loss of head 
pressure. 

Large numbers of heat exchangers are used in the oil refining and chemical 
industries, in central power stations and in the food industry. In fact, they 
appear in some shape or form in almost every industry and most large 
buildings. 

In some cases, exchangers are used simply to get rid of unwanted heat. 
For instance, it is necessary to remove the heat, generated by friction, from 
lubricating oil circulated to large bearings in turbines, generators and 
prime movers in general. In heat treating steel plants, heat from the quench" 
ing oil generated by quenching quantities of steel from temperatures of about 
1600 degree F. must be removed. In internal combustion engines, the jackets 
must be kept cool, otherwise the engine would be quickly overheated and 
ruined. The life of the engine is greatly prolonged by using clean or prefer" 
ably distilled, cooling water, and the heat absorbed by the jacket water is re" 
moved by circulating it through a watencooled heat exchanger, using any 
available supply of cooling water. These are all examples of unwanted heat, 
and while in some cases the heat can be transferred to some other fluid and 
used to advantage, the conditions are such that it is usually more practical 
to transfer it to a suitable source of cooling water and discharge it to waste. 

Another example of unwanted heat occurs in distillation processes where 
the latent heat of steam or vapors must be removed to condense, or reduce 
to the liquid phase, the products of distillation. Frequently, a part of this 
latent heat is used to economic advantage in preheating the cold feed to the 
evaporator, or to vaporuje other liquids which can be evaporated at a tem" 
perature lower than that of the vapors being condensed. After recovering 
all the latent heat which can be used in this manner, in a specially designed 
heat exchanger or condenser, the balance is removed in a vapor condenser. 
It is frequently desirable to cool the condensed products from the condensing 
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temperature to approximately room temperature, and this is acccOTpIished 
either by making special provisions for condensate cooling in the vapor 
condenser itself or by subcooling the condensate in a separate liquid cooled 
heat exchanger. 

In central power stations, steam is generated at high pressures and ex' 
panded through a turbine, and a portion of the heat energy t^r^n is 
converted into useful work A small percentage of this steam is bled at 
several points from the main turbine and used to preheat the condensate 
stream to a relatively high temperature before its return to the boilers. 
However, after expanding the steam to the lowest practicable pressure, the 
latent heat still remaining must be removed by means of a water cooled 
condenser so that the necessary vacuum may be obtamed, and the con- 
densate recovered to be returned agam to the boilers All heat rejected to 
the cooling water must be considered as lost 



Fig, 2a. Typiccl details of longitudinal and girth seams for welded storage heaters. 


The amount of fuel used, either directly or mdirectly, by the nation s 
industnes, to generate heat which must subsequently be gotten rid of, is 
very large and constitutes a considerable dram on our natural resources 
However, engmeers, scientists and others engaged in the design and main- 
tenance of industnal plants are fully aware of this fact, and the use of heat 
exchangers is rapidly increasing wherever they can be used to economic 
advantage 

For mstance, in the oil refining industries, a great deal of the heat 
generated from fuel is recovered and used again by the e$cient location of 
heat exchangers in the various fluid streams to transfer heat from one fluid 
to another. Hot liquids or vapors are passed through one circuit of a heat 
exchanger, heatmg or vaponsiing another liquid entering the other circuit 
at a lower temperature 

Textile plants and laundries are large users of hot water at temperatures 
ranging up to 200 degree F or higher Having served its purpose, the water 
IS of no further value and is rejected to waste. In this case, it is not only 
practical but highly economical to recover a large percentage of the heat 
content of the waste water and transfer it to the incoming fresh water This 
is accomplished by a special form of heat exchanger known as a preheater or 
heat reclaimer An installation of this type reduces the fuel consumption of 
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the entire plant, representing not only a saving in dollars and cents to the 
owners but a worth while contnbution to the conservation of our natural 
resources 

Instantaneous and Storage Heaters — One of the simpler, but by no means 
less important, forms of heat exchangers is that used m the transfer of heat 
from steam to water for the production of hot water for various industrial 
and domestic purposes Such heaters may be divided into two separate 
groups, instantaneous and storage Instantaneous heaters are used when 
the demand for hot water is fairly uniform and steady, for instance, m heat^ 
mg turbine condensate in central power stations, recirculating water in 
swimmmg pools, keepmg overhead sprinkler tanks above the freezing 
temperature and for supplying hot water radiation to large buildings, usmg 
steam from the low pressure boilers 

In cases where the hot water demand is irregular, the storage type of 
heater is desirable and much more economical to operate. Such conditions 
occur in hotels, schools, hospitals, mstitutions, mdustnal buildings, etc., 
where hot water is needed for showers, lavatories and general purposes; 
in laundries, where large quantities of hot water are required m the launden 
ing of clothes; and in textile mills, bleachenes, dye houses, meat packing 
houses, etc , some of which use large quantities of hot water with an un- 
even demand rate. 

The principle involved in the design of a storage heater is to provide 
ample storage capacity to supply sudden hot water demands and to propor- 
tion the arrangement and amount of heat transfer surface to produce the 
required amounts of hot water so that steam for heating the water will be 
drawn from the boiler at a fairly uniform rate without violent fluctuations 
This requires a rather carefully detailed study of the requirements of each 
installation A storage heater to be installed in a hotel, for mstance, will be 
required to supply hot water at, say, 180 degree F. for a known number of 
shower heads, hot water faucets and other demand points. The amount of hot 
water which these fixtures may be expected to draw is fairly well established 
and, as a matter of interest, is included m Table I. Of course, it is very un- 
likely that all of these fixtures would be in use at any one time so that after 
listing the fixtures and totaling the theoretical amount of hot water required, 
this total is reduced by applying a percentage ""use’' factor, also indicated 
in Table I, which has been proved by expenence to be conservative. This 
then gives us a reasonably close approximation of the rate at which hot 



Fia. 2b. Tvirfcodl welding details for flonged piping connection on storage healer. 
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water must be produced to satisfy the requirements, and knowing the steam 
pressure which will be used as a heating medium, the amount of heating 
surface and its proper arrangement to produce these results are readily 
determined by the designer 

The hot water storage capacity necessary to provide hot water at all 
times must also be determined This involves a study of the sequence in 
use of the various fixtures and probable duration of use at any one time In 
a large hotel, shower baths, for instance, may be taken by guests at any hour 
of the day or night, but this demand is not likely to be concentrated On the 
other hand, in schools there is a rush for the showers at the end of each 
gymnasium period and the hot water storage must take care of this bnef but 
heavy load Experience has shown that by multiplying the hourly heating 
capacity previously determined by a factor which depends upon the type of 
building involved, a satisfactory storage capacity is determined. As an 
example, referring to Table I, supposing it is determined that the hot water 
fixtures of a large hotel indicate the use of hot water at the rate of 5000 
gallons per hour. It is known from experience that these fixtures will not 
all be used all the time so we multiply by the ''use’’ factor of 25 per cent 
In other words, if the heater heats at the rate of 1250 gallons per hour, it 
will, in all probability, have ample heating capacity The hot water storage 
capacity would then be 80 per cent of the hourly heating capacity or approxi^ 
mately 1000 gallons This method of determining the amount of heating 
capacity and storage is, of course, approximate and, in general, conservative 
The architect or engineer using this method must also temper his judgment 
with his own background of experience 

In textile mills, laundnes, paper mills and other industries, it is frequently 
necessary to make a detailed survey before the requirements can be accurate- 
ly determined. Sometimes it is necessary to install one or more water meters, 
preferably of the recording type, to determine the demand rate This, in 
addition to a study of the sequence and duration of operations demanding hot 
water, usually provides the designer with enough mformation to proceed 
with confidence 

In view of the importance and widespread use of storage heaters, and 
the fact that one or more such heaters is in operation in practically every 
large building requiring hot water, the writer has elected to illustrate, m 
this paper, the changes and advantages of the welding of storage heaters as 
compared wtih riveted construction 

Storage Heaters — Storage heaters, as such, apparently made their appear- 
ance in the penod of 1880 to 1890, and their use increased rapidly as their 
advantages became obvious. Riveted construction was considered the standard 
and preferred design until recent years Early attempts to fabneate these 
heaters by welding were not too successful, due principally to the lack of 
any perfected welding technique Furthermore, it was not reali 2 ;ed that 
changes in design were necessary in some cases before a satisfactory welded 
fob could be accomplished As the result of inferior welding, welded 
heaters were quickly earmarked as inferior to nveted heaters, and the sales 
resistance toward welded heaters, not only on the part of the purchaser but 
on the part of the salesmen as well, was not overcome until the advent of a 
carefully planned procedure control, using welders regularly qualified in the 
presenbed manner. 

Several weird designs appeared m the picture during the transition period 
between riveting and welding before a satisfactory welded heater was pro- 
duced. An example of this was a combination of riveting and welding, m 



Table I— Hot Water Fixture Capacity for Various Types of Buildings 
Figure at a Final Temperature of 180 Degree F Gallons of Water Per Hour Per Fixtui 


SECTI02<r VIU — CONTAIKERS 


683 











684 


STUDIES IN ARC WIELDING 


which the manufacturer first nveted the seams and afterwards iillet welded 
the edges of the longitudinal and girth seams Needless to say, m welding 
the seams, the rivets loosened and leaked so that in order to make the shell 
tight. It was frequently necessary to deposit a bead of welding around many 
or all of the nvet heads. 

Riveted Design— Fig 1 illustrates a riveted type of storage heater This 
heater consists, essentially, of a cylindrical shell enclosed at both ends acting 
as a water storage reservoir containing a steam actuated heating element 
located as low as possible Steam admitted to the interior of the tubes he^s 
the water contained in the shell The shell is designed to withstand the 
normal pressure in the water mams to which it is connected and which is 
usually m the vicinity of 100 pounds per square inch gauge The longitudi-' 
nal seams are usually of the double riveted lap type in sizes up to 60 inches 





Fig, 2c. Typical welding details lor screwed piping coimection on storage heater. 


in diameter For larger diameters, they may be triple riveted lap, double 
nveted, double butt, or tnple riveted, double butt, depending upon the 
diameter, working pressure and efficiency of seam required The girth seams 
are usually single nveted lap. A manhole, of the integral flanged type, 1 1 
inches x 15 inches, with yoke and cover, is incorporated to provide access 
to the interior m all but the smaller sizes. Piping connections for water inlet, 
outlet, dram and miscellaneous connections are castmgs or forgings nveted 
m place The port to which the heating element is attached is a casting 
riveted to one of the concave heads or to the side of the shell in vertical 
heaters 

Stocking plates and heads for the immediate production of storage 
heaters after receipt of orders is simplified by adhering, as far as possible to 
a set of standard shell diameters and lengths A list of our standard sizes 
of storage heater shells is given m Table II. Special sizes are frequently 
manufactured to order when limitations of space prevent the installation of 
a standard size. 

It should be noted that the headport to which the tube sheet and steam 
distributing head are bolted is a casting, for which a pattern is required 
Since there are many combinations of heatmg capacity, storage capacity and 
design pressure, and since these castings must fit the contour of the flanged 
and dished heads of horizontal heaters or the shells of vertical heaters, the 
initial cost and maintenance of pattern equipment is a substantial item 

Welded Design — Storage heaters are unfired pressure vessels and, as 
such, must be designed and fabricated m accordance with existing safety 
regulations provided by the laws of the state or municipality in which the 
mstallation is to be made Rules covermg the construction of unfired preS' 
sure vessels have been worked out m detail by the American Society oi 
Mechanical Engineers and are presented in Sections 8 and 9 of the A S.M E 
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Table II — Storage Capacity and Over-All Dimensions of Standard Sizes of 
Shells for Storage Heaters 


Storage Capacity 
in Gallons 

Sliell Dia 

Inches 

Length O A. 
(Inches) 

Weight 

(Pounds) 

60 

18 

60 

400 

75 

18 

72 

450 

110 

24 

60 

600 

130 

24 

72 

700 

150 

24 

84 

800 

170 

30 

60 

750 

200 

30 

72 

850 

240 

30 

84 

950 

280 

30 

96 

1050 

340 

36 

84 

1300 

400 

36 

96 

1450 

450 

36 

108 

1600 

500 

36 

120 

1800 

530 

42 

96 

1850 

680 

42 

120 

2150 

800 

42 

144 

2500 

970 

42 

168 

2900 

870 

48 

120 

2850 

loyo 

48 

144 

3250 

1250 

48 

168 

3700 

1400 

48 

192 

4100 

1100 

54 

» 120 

3250 

1300 

54 

144 

3700 

1500 

54 

168 

4200 

1800 

54 

192 

4700 

1300 

60 

120 

4300 

1600 

60 

144 

4900 

1900 

60 

168 

5600 

2200 

60 

192 

6200 

2300 

72 

144 

6500 

2700 

72 

168 

7300 

3100 

72 

192 

8100 

3700 

84 

168 

8800 

4300 

84 

192 

9700 

4900 

84 

216 

10,600 

5500 

96 

192 

12,500 

6300 

96 

216 

13,800 

7000 

96 

240 

15,000 

7800 

96 

264 

16,200 

9050 

108 

240 

18,700 

10,000 

108 

264 

20,200 


Code for Unfired Pressure Vessels These rules specify, in detail, the procc-^ 
dure by means of which welders may be qualified for welding unfired pressure 
vessels and the materials which may be used m their construction The 
materials are specifically identified by reference to corresponding A S. T. M. 
Specifications where applicable 

When designed and manufactured in accordance with the requirements 
of the A. S. M. E. Code and so stamped, the pressure vessel is acceptable for 
insurance purposes Several states and a number of municipalities have 
adopted the A.SM.E. Code and pressure vessels coming within the scope 
of the Code must be designed and manufactured in accordance with the 
provisions contamed therein before acceptance 

Since the details involved m selection of matenals to the proper spcdfica^ 
tions, the preparation and shaping of parts to be welded, and the proper 
procedure control of welders are all fully outlined in the A,S.M E. Code and 
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axe, therefore, matters of common khowledge, it is unnecessary, for the pur- 
pose of this paper, to go into this phase of the subject in greyer detail. As 
a matter of interest, however, a number of typical welding details are in- 
cluded m Fig. 2a, 2b and 2c. It should be added that all welding used in 
the construction of these storage heaters is shielded arc, using a cellulose 
coated rod. 

Of special interest m the construction of these heaters is the port in which 
the heating element is installed Formerly, this was an iron castmg riveted 
in place, as shown in Fig 3. Before it could be satisfactorily welded, how- 
ever, the design had to be very substantially changed The details of the 
port as redesigned are outlined in Fig 4 The cylindrical portion consists, in 
the smaller si2;es, of a short length of steel pipe In larger sisjes, it is more 
economical to roll up a piece of steel plate with a butt welded longitudinal 
seam. By making the cylinder of the necessary thickness and allowing it to 
protrude inside the flanged and dished head, sufficient reinforcement is pro- 
vided to compensate for the metal removed in cutting out the section of the 
head to permit passage of the heating element. The bolting flange, to which 
die tube sheet and steam chamber are bolted, may be fabricated either by 
Van Stoning the end of the cylinder and providing a suitable backing up 
flange, or by welding on a steel plate flange, or by butt welding on a welding 
neck type of flange. The welding neck flange is preferred since only a simple 
butt weld is required to attach it to the cylmdncal part of the port, but the 
cost of the welding neck flange itself is considerably greater than that of a 
steel plate flange. 

Recently, the writer developed a method of producing welding neck 
flanges to meet our storage heater requirements by fabricating them from bar 
stock. These rectangular bars, of the proper cross section, are scarfed and 
butt welded end to end to form a continuous length of 60 to 100 feet, depend- 
ing upon the size of bars and total weight involved The bar is then drawn 
slowly through a gas furnace, where it is heated to about 1500 degree F 
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and immediately coiled on a standard pipe bending machine in a spiral coil 
to approximately the required diameter. While still hot, each complete circle 
IS torch cut and flattened The ends are scarfed with a torch and butt welded. 
A few minutes machining on a vertical turret lathe and the weldmg neck 
flange is complete, ready for drilling the bolt circle Since only a relatively 
few si^es are involved and the requirements m each site are fairly large, by 
taking advantage of quantity production, we arc able to produce these 
flanges for substantially less than the cost of forged steel flanges purchased 
m the open market, with the added advantage that they can be manufactured 
for stock at our convenience, utilising our own labor and eqmpment They 
are also used as bolting flanges, for other types of heat exchangers, which 
increases their use considerably 

We have also recently adopted the practice of weldmg m the manhole 
frames instead of having them flanged integrally with the head at the mills. 
It was previously our standard practice to stock plain flanged and dished 
heads for one end of each different shell size and a corresponding number of 
heads with integrally flanged manhole frames, as shown m Fig. 5, for the 
other end By welding in the manhole frame, as mdicated in Fig. 6, we are 
able to substantially increase the flexibility of our stock, by stocking plain, 
flanged and dished heads only. The collar forming the gasket surface for the 
manhole cover is made amply strong to provide the necessary reinforcement 
to compensate for the metal removed from the head and fully complies with 
the requirements of the A S M E. Code. 

Other Advantages of Weldmg — It is a well known fact that water at 
a low temperature can hold more oxygen in suspension than water at a higher 
temperature. Therefore, water saturated with oxygen at its normal ground 
temperature is forced to release it as its temperature is raised At 212 degree 
F It IS nearly all released In storage heaters, the usual practice is to heat 
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Fig. 4. Detcdl oi welded heod port noiole. 
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Fig. 5. Deicdl of mcmholo frame. 

water from the ground or tap water temperature, which is usually in the 
range of 40 degree to 70 degree F., up to a final temperature of 180 degree F 
The temperature is controlled at 180 degree F. by means of a temperature 
regulator which automatically shuts off the steam when the desired water 
temperature is reached It is clear, therefore, that in heating water through a 
temperature range of over 100 degree F., a considerable percentage of the en- 
trained oxygen is released. This released oxygen immediately tends to^ react 
on the intenor surfaces of a heater with steel shell, producing iron oxide or 
rust. This condition is undesirable for two reasons. First, because the cor" 
rosion, once started, usually contmues until a pomt is reached where the shell 
must be replaced. Second, rusty water is a very great nuisance and consider" 
able labor is frequently required in cleaning the heaters periodically to keep 
the water as clean as possible Some grades of water are more corrosive than 
others, but in many cases water contains scale"formmg elements which are 
precipitated on the steel surface as the temperature is raised, thus forming a 
protective coating over the steel and substantially reducing the rate of cor" 
rosion. 

In answer to a demand for storage heaters m which the rusty water 
nuisance is eliminated, rust resisting enamels of many different makes have 
been tried, both experimentally in the laboratory and under actual service 
conditions. Few of them will stand up for any length of time, and even the 
most resistant ones usually have to be renewed every few months to give 
adequate protection Galvanisjmg and other corrosion retardents have been 
used with more or less success. 

Since, in many processes requiring hot water, even small quantities of 
iron cannot be tolerated, the preferred solution in such cases is a design in 
which the water comes in contact with nothing but non"ferrous metals in 
passing through the heater. Thus, many storage heaters are built with 
steel shells lined throughout with copper or other non'corrosive metals 
Though It IS not impossible to line the interior of a riveted shell, the de" 
signer has to contend with rivet heads and butt strap joints The problem is 
greatly simphfied in a welded shell using butt welded seams which produce 
a smooth interior. 
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Storage heaters are also manufactured from steels clad on one side with 
non-corrosive metals such as stainless steel or nickel Welding much ampli- 
fies the manufactunng of such matenals Using butt welded seams, the 
abutting steel parts of the plates are electnc arc welded, using a cellulose 
coated steel rod, while the abuttmg clad portions of the bi-metal plates are 
welded with a rod of the same matenal as the cladding. Thus, the interior 
of the heater may be entirely stainless steel w’hen fabricated from stainless 
clad steel plates or entirely nickel when using nickel clad steel plates. The 
use of bi-metal plates rather than solid stainless steel or nickel has the ad- 
vantage of lower cost 

Storage heater shells constructed entirely of copper silicon alloy plates 
are also found very satisfactory in combatmg corrosion This alloy, consisting 
of approximately 95 per cent copper and 5 per cent silicon, has a tensile 
strength closely approaching that of mild steel and corrosion resisting 
properties similar to those of copper. Riveting shells constructed of this 
material has not proved too satisfactory since the alloy has a relatively low 
yield point and there is a tendency for the nvet holes to pull out of shape 
during the hydrostatic testing of the completed heater. Excellent results, 
however, are produced by weldmg. 

Comparative Cost Data — ^In setting up comparative costs of riveted versus 
welded heaters, the companson should be made on the basis of storage 
heaters in which the shells are manufactured from steel rather than from 
some of the matenals previously descnbed, since the number of steel shell 
storage heaters bemg manufactured is much greater than those constructed 
of other matenals A clear picture in regard to what welding has done to 
reduce the cost of manufacturing is obtained by companng the complete cost 
of a nveted heater with the complete cost of a welded heater radier than 
companng costs of the component parts. 

The cost companson has been set up for a medium si 2 ;ed heater with a 
shell diameter of 48 inches and an over-all length, face to face of flanged 
and dished heads, of 144 inches The thickness of shell plates is 54-inch 
and thickness of the heads Y 2 'inch, In each case, the material, both for shell 
plate and heads, conforms with A S M E Code Specifications S-1 and 



Fig. 6. Welded mcmhole frcane. 
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A S T M. Specification A''70, latest edition The cost of the heating element, 
consisting of tubes and tube sheet assembly, steam distnbuting head, bolts, 
nuts and gaskets are the same for either riveted or welded designs There- 
fore, these items are omitted from the comparison 

The cost of maintenance of factory equipment, power and overhead are 
practically the same for either nveted or welded construction The per- 
centage difference m cost of sites other than the one upon which the cost 
comparison was made will depend upon several factors, such as the number 
of shell plate courses, site of port for heating element, etc , but the above 
may be considered as a fair indication of the average percentage reduction 
for all sites as listed in Table II 

Figures relating to the average number of storage heaters manufactured 
yearly are not available to the writer It is estimated, however, that the 
figure runs into several thousands, of which this company manufactures 
a substantial percentage. 


Riveted Steel Shell 

Weight 

2 — ^Mam Shell Plates, thick 2248 lbs 

1 — 48"0 D X V 2 " thick Flanged and Dished Head 

(Plain) 375 

1 — 48"0 D X V 2 '' thick Flanged and Dished Head 

with 11" X 15" Integral Manhole Frame 360 

1 — 11" X Manhole Cover complete 40 

4 — 4" Riveted Type Nozsjle Flanges 1 

- - - Flange I 

« « n « I ^ 

1 — ” ’’ " " 

1 — Cast Iron Headport No 2 ; 2 ;le 125 

Rivets 180 

3398 lbs 


Direct Labor 

Lay out, shear, plane 6? roll 

Punch nvet holes 

Assemble for riveting 

Rivet 6? caulk 

Machine headport nozde.... 
Hydrostatic test 


Cost 


$56 40 

20 89 

28 11 
6 00 


9 73 


10.30 
9 00 


$140 43 


$5 60 
9 40 
5 40 
21 70 
5 40 
2 90 


$50 40 

Total cost of raw materials ,...$140 43 

” direct labor. 50 40 

Total material 6? direct labor $190 83 


Note. — ^The cost of raw materials is based on purchasing those which are sub- 
ject to quantity discounts in sufficient quantity for the production of twenty- 
five heaters. Direct labor cost records are kept continually by the Company, 
and those included in the above comparative cost analysis were derived from 
this source. 
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Welded Steel Shell 

Weight 

2 — Mam Shell Plates, Ys" thick 2144 lbs 

2 — 48"0 D X thick Flanged and Dished Heads 

(Plam) 725 

1 — X 3" X 48" Steel Plate for Manhole Frame 80 

I — n" )<; 15^' Manhole Cover complete 40 

4 — 4'" Weldmg Spuds ' 

1-1I4'' - Spud 1 3. 

i—y/' ’’ 

1 — Yq' X 14" X 48" Steel Plate for Headport 

Nozde 71 

1 — 2J4^^ X 2^4" X 5^6" Steel Bar for fabncation 

of Headport Welding Neck Flange - 80 

Cellulose Coated Welding Rod 35 

3160 lbs 


Direct Labor 

Lay out, shear, plane & roll $5 36 

Assemble for weldmg • 5 40 

Weld 6P chip 18 22 

Fabncate 6? weld manhole frame 2 25 

Cut, roll 6? machine headport no2;2;le 3 80 

Hydrostatic test 1.50 

$36 53 

Total cost of raw materials ,4114 56 

” ” ” direct labor. 36 53 

Total material & direct labor $151 09 

Cost of Raw Materials & Direct Labor — Riveted $190 83 

” —Welded 151.09 

Reduction in Cost in Favor of Welded Design $39 74 

Percentage Reduction in Cost = 20 8% 

Weight of Raw Matenals Used m Riveted Design 3398 lbs 

Welded '' 3160 

Leduction in Weight in Favor of Welded Design 238 lbs 

Percentage Reduction m Weight = 7%. 

Cost of Direct Labor — Riveted Design $50 40 

” ” — Welded " 36.53 

Reduction Direct Labor Cost $13.87 

Percentage Reduction m Cost = 27^2% 


Cost 

$53.85 

41.78 
.76 
6 00 

4.92 

1 78 

3.20 

2 27 

$114 56 
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Bg. 7. A complete welded storage water heater. 

Social Advantages — ^Hand riveting and caulking operations are extremely 
noisy. One has only to spend a few minutes near an operator caulking a 
riveted seam inside a closed building to be convinced of this. If the only 
social advantage gained by the change from riveting to welding was the 
elimination in the factory of the noise nuisance from this source, the change 
was worth while. But if riveting produces a noise nuisance in a factory where 
other noisy operations are in progress, the nuisance is many times amplified in 
a relatively quiet hotel, school or hospital when repairs become necessary. 

Welded heaters, Fig. 7, have not been in service nearly as long as many 
of the original riveted heaters so that it is perhaps unfair to say that welded 
heaters will outlast riveted ones of the same grade and thickness of materials, 
However, it seems a reasonable assumption that as the shell plates of riveted 
heaters thin down by the corrosive action of the water being heated therein, 
the difficulty of keeping riveted seams and rivet heads tight will increase 
with the age of the heater until it is replaced, as it inevitably will be, by one 
of welded construction. It should also be added that heaters properly de- 
signed for the conditions under which they are to operate, and welded by 
experienced and properly qualified welders, are practically trouble free in 
service and require no noisy and expensive repairs. 

Finally, the saving of approximately 7 per cent by weight of materials 
which are of strategic importance to the United States, and the saving in 
labor of approximately 27^/2 per cent, is worth while at any time, but under 
the present National Emergency, when every effort is being strained to 
produce more goods in a shorter period of time, the saving in time and 
materials by welding is particularly desirable. 



Chapter HI — The Drumless Boiler 


By Robert E. Moyer, Jr., 

Vicc'President in charge of Engineering, Heilman Boiler 'Wor\s, Allentown, Pa. 



Subject Matter: The drumless boiler for bigb pressure steam 
generation. All headers and tubes are less than 18 inches in 
diameter and details of boiler construction arc shown in photo^ 
stat figures. All welding is either fillet or circumferential by a 
qualified welder. Header X-rayed only if exposed to heated 
gases and stress relieved and tested to twice generating pressure 
or operating pressure. This design is submitted by the author with 
the approval of the inventor of the drumless boiler, John PhilHps 
Badenhausen, M.E., M.M., Philadelphia, Pa. 


Robert E. Moyer, Jr. 


The scientific research of arc welding, coordinated with the other types 
of design and the adoption to practical applications perfected with X^ray, 
permits the boiler shop operator who was always limited in his manufacturing 
capacity, to build power plant boilers, superheaters, economi2;ers and air^ 
heaters in his small plant. This modern possibility and development is 
accomplished by arc welding and arc welding design. 

The power plant boiler which this idea and accomplishment refers to is 
not the low-pressure boiler, but boilers which will operate at a pressure range 
of 600 pounds per square inch and upward to 2,500 pounds per square inch 
pressure, with a steam generating capacity of 300 pounds per hour to 500,000 
pounds per hour or more, fired with pulveri 2 ;ed coal, oil, waste heat gases, 
coal fired stokers or natural gas. 

The superheater, economi 2 ;er, airheater boiler casing is constructed by 
welding, either in the shop or at the site of erection, depending upon the 
sizQ of the unit handled. 

The company with which the writer is associated recently completed eight 
water tube boilers, each having a capacity of 36,000 pounds of steam per 
hour, designed for an operating pressure of 200 pounds per square inch, 
but this is not the type of compact design this paper refers to because these 
boilers were made with boiler drums. 

- The Drumless Boiler — ^The drumless boiler, (See Figs. 1 and 2), could 
not be built without welding for the high pressures which are demanded 
by industry. It would be very poor engineering to rivet steel or alloy metals 
two inches thick or four inches thick where high heat and temperature would 
cause fire cracks and other types of failures common to the power plant 
boilers, even at thicknesses of less than one inch. This, the common failure, 
is very unlikely in the drumless boiler because there is no large boiler drum. 

The boiler manufacturer can build these new boilers with less shop 
machinery and compete with the largest boiler manufacturer in business 
today. The plate rolls, the press, the mammoth planer, that were required 
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Fig. 1. Sectional side elevation. 


and restricted the small boiler shop and limited the field of competition. 
These costly tools or machines create large plant overhead, raise the selling 
price of the product and they are not now the essential machinery. 

The drumless boiler has many other important features; namely, this 
boiler requires less steel to build, in several instances one third of the steel 
by weight was saved, yet the boiler capacity remained the same in poimds 
of steam generated per hour. The labor hours to manufacture this drumless 
boiler in all cases were estimated and were found to be 20 to 30 per cent less 
for the same capacity boiler. The time for field erecting in labor hours and 
field time were greatly reduced because of the design and it simplified erec- 
tion. 

The designer of this new drumless boiler is an engineer who has designed 
over 500 large^sisje power plants. One plant operated at 86 per cent efficiency 
and was of water tube design. One of the drumless .boilers is now under 
construction and will operate at 800 pounds working pressure. 

The photostats, Figs. 1 and 2, of the small boiler and the large boiler are 
included to show the new drumless boiler with the simplified construction.. 

This design could be adapted in the naval field because of the high 
pressure. With reduced weight, the fast steaming features our boats or ship 
cargos could be greatly increased without sacrificing steam generating 
ability and capacity. 

The A.S.M.E. boiler code committee has thoroughly covered the subject 
of boiler construction and the drumless boiler we are manufacturing has been 
approved by the Hartford Steam Boiler Inspection and Insurance Company 



SECTION vm— CONTAINERS 


695 



Fig. 2. Sedlonal pUzto. 


which definitely establishes the drumless boiler as practical from a manu- 
facturing standpoint as well as design. 

The boiler code committee states that tubes 18 inches in diameter and less 
shall be called tubes or headers and because no tube or part of the drumless 
boiler IS greater than the established diameter of 18 inches, the boiler contains 
no drum. 



696 STUDIES IN ARC WELDING 

The drumlcss boiler has no longitudinal joints to fabneate, therefore, no 
planer is required. 

The headers are constructed of high'pressure tubing purchased as tubing 
or pipe, Aerefore, no heavy plate rolls or press are required for fabrication 
All the arc welding on this boiler is either filet or circumferential welding 
The one end of the header is closed by inserting a blank plate inside the 
header and is arc welded in accordance with the welding procedure estab- 
lished by qualification and test The top part of the header is closed by 
attaching a welding neck of flanged type with bolted blank flange The key- 
cap, master holes and hand holes are drilled and back cut to suit the require- 
ments that any manufacturer adapts to his facilities The tube holes are 
dnlled and grooved, ready for tube insertion and expanding or welding This 
header is X-rayed only if the part welded is exposed to the heated gases at 
high pressures This we know will establish the appearance of the test plate 
and the quality of the welder for tensile, bendmg, elasticity, etc Before drill- 
ing or putting any holes in the header, it must be stress relieved and then 
tested to twice the workmg pressure or operating pressure. 

The header is now completed and the most difficult part of the job is 
accomphshed. Because the water wall headers are smaller and the super- 
heater header or headers are fabneated hke the mam boiler header, only a 
blank plate is used to close both ends 

The boiler tubes m the side wall or water walls (circulator tubes and 
tubes in the various passes are usually selected for the conditions in the 
boiler) are considered to be three and one-quarter inches in diameter, super- 
heater tubes two inches in diameter and economizer tubes two mches in 
diameter. The tubes are bent to suit the location that they arc to be used for 
integral connection 

Another feature of the drumless boiler is the fact that each mam header 
and the tube arrangement connecting the header can be shop fabneated as a 
complete element and can be shipped as an assembled unit, the entire unit 
weighmg less than an old style boiler drum that would be made of two- or 
three-inch thick steel, depending on the designed pressure. 

A boiler to equal the one shown on the photostat with a markmg of 
125,000 pounds would be made with two or three drums, one 60 inches in 
iameter, two or three inches thick and 26 feet long, another about 48 inches 
m diameter, length the same, thickness the same, the thickness being con- 
trolled by the operating pressure If this type of boiler was to operate at 
1500 or 2000 pounds per square inch, you can appreciate the weight of this 
method against the drumlcss boiler method 

The advantages accomplished by arc weldmg co-ordinated with designs, 
are as follows- 

1, Save steel for our nation now at war, in large quantities, mstead of 
trying to accumulate tons by saving hair pins, paper chps and razor blades 

2, Build more boilers in any boiler shop Heat treating and X-raymg 
can be sublet if the shop that wants to make this work lacks this equipment. 

3, Produce better and higher pressure boilers for land and naval use at 
less cost to the national government 

4, Increase our cargo capaaty on our ships, or reduce the ship space, 
adding larger guns and carry more ammunition or food to our allies. 

5, Make boilers of higher pressures easier, simpler and faster 



Chapter IV — Arc Welded Power Penstocks 


By P. J. Bier, 


Senior Engineer, Bureau of Reclamation, Denver, Colorado 



Subject Matter: Progress in the application of arc welding on 
penstocks. The penstocks described are considered to be the £rst 
of such diameter with all joints double butt welded and radio' 
graphed, with every 20 foot section strcssrclievcd, and hydro* 
statically tested. The proportionate cost saving in percentage is 
41 per cent and the annual gross savings in an average ycar'*s 
construction program of the Bureau of Reclamation arc estimated 
at approximately $920,000. The social advantages include a 
fuller protection of life and property. 


P. J. Bier 


The continuous improvements made during recent years in the art of 
fusion welding are responsible for a radical change in the joining and fabri* 
cation of steel structures. Riveted construction gradually gave way to welded 
construction until in some lines of work such as pressure vessels and water 
conduits riveting is rarely used today. The successful shopwelding of the 
huge Boulder Dam penstocks furnished the best proof that arc welding is 
fully reliable and economically sound. Further improvements made in weld" 
ing procedures since that time demonstrated the superiority of the arc 
welding process over riveted construction especially in the construction of 
conduits subjected to high heads where a smooth flow line and a conserva" 
tion of head and power is required. The high head penstocks at Shasta Dam 
on the Central Valley Project, in California, constitute a further important 
progress in the application of arc welding on pressure conduits. These pen" 
stocks are considered to be the first of such diameter and plate thickness with 
all joints double butt welded, and radiographed, with every 20 foot pipe 
section stress"relieved and hydrostatically tested and with the entire installa" 
tion to be subjected to a hydrostatic pressure test equal to 150 per cent of the 
operating pressure to prove its safety under the most severe service condi" 
tions. 

Before arc welding proved its superiority, riveted joints were used for 
pressure conduits operating under various heads. For low head installations 
often woodstave pipe was used and for smaller pipe operated under very high 
heads hammer forge"welded or banded pipe was used. In recent years 
reinforced concrete construction is sometimes used for low and medium head 
pipe lines when conditions are favorable for such installation. The high 
head under which many water conduits are to be operated precludes the 
use of reinforced concrete construction, as concrete although heavily rein* 
forced with circumferential hoop steel cannot be prevented from extensive 
cracking with resultant leakage and deterioration under such pressure. In 
addition, concrete not having the resiliency of steel could not absorb the 
heavy surges and water hammer shocks which occur in penstocks due to 
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Fig. 1. General plan Shasta Dam penstodk. 




, 9«lltry 



Bg, i. Profile oi penstock Ho. 
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turbine gate closure or in pump discharge lines due to reversal of the water 
column when the pump stops because of power failure. 

The Shasta penstocks no doubt represent the most advanced type of fulh 
welded pressure conduits Their design combines a number of favorable 
features to assure the ultimate in structural safety and hydraulic efficiency 
which can only be achieved with arc welded construction In the following 
paragraphs the pertinent features of the design and construction will be 
briefly sketched. 

Design of Penstocks — ^The Shasta penstocks will serve five turbines each 
having an output of 103,000 horsepower at 330 feet of head and full gate 
corresponding to a full generator rating of 75,000 kilowatts at unity power 
factor. The units will be operated under a minimum head of 238 feet and 
a maximum head of 475 feet The penstocks are 15 feet m diameter starting 
with a concrete bellmouth entrance at elevation 815 at the axis of the dam, 
then running radially through the dam at that elevation to a bend from which 
they proceed at an angle of from 14 to 16 degrees to a second bend enclosed 
m the upper anchor, following which they continue on a slope of 45 degrees 
to a third bend enclosed m the lower anchor where they level off to the 
turbine miet at elevation 5 86, as shown in Figs 1 and 2 

The penstocks are protected at the bends, with massive reinforced con^ 
Crete anchors and are provided with expansion joints for each tangent to 
permit free temperature movements in the pips line The upper ends are 
embedded in the dam concrete and below the dam the penstocks are sup- 
ported on heavy cast steel rockers as shown in Fig 3, which are grouted 
into remforced concrete piers and set in accordance with the prevailing 
temperature. The supports are spaced at dOToot centers and closer at the 
expansion joints 

The pipe shell is stiffened at the points of support with double rmg 
girders provided with supporting brackets over the rockers, as shown in 
Fig. 4 These ring girders will prevent deformations in the shell due to the 
pipe and water loads, concentrated at the supports AH bends are designed 
with long radu and small deflection angles as shown in Figs. 5 and 6, for 
improved hydraulic efficiency The upstream embedded pipe and the bend 
sections are provided with temporary structural steel supports for use during 
installation and concreting The expansion joints are shown m Fig. 7 and 
are of the stuffing-box type, machined to provide a close fit between moving 
parts A brass seat rmg is placed at the base of the stuffing box to retain 
the nine nngs of square lubneated flax packing compressed by 

the packing gland The mner expansion sleeve is provided with a 2)^2 
cent nickel-clad surface to prevent its corrosion and sticking to the packing 
gland. Both expansion sleeves are made from extra heavy steel plate, the 
outer sleeve being also remforced with two stiffeners to prevent its deforma- 
tion and improve the water tightness of the joint The packing can be 
uniformly compressed with eighty 1-inch studs m the gland. 

The five penstocks vary m length from 798 feet to 931 feet, and arc 
made accessible with 20 inch diameter manholes located at 45 degrees from 
the invert The upstream ends are protected with temporary dished bulk- 
heads for protection against high water during construction The penstocks 
are designed for a maximum static head of 479 feet plus a maximum water 
hammer head of 180 feet based on a mmimum turbine gate closure of 
4-seconds for a full gate-openmg or full gate-closing stroke. The embedded 
pipe was designed to carry the total head (static and water-hammer) at a 
hoop stress equal to two-thirds of the yield point of the steel plate, the 




Fig. 0. Rocker support assembli^. 





702 


STUDIES IN ARC WELDING 


pipe below the dam was designed to carry the totat head at a combined stress 
equal to one-half of the yield point of the steel. The specifications provided 
that all butt^welded joints in the shell are to be radiographed, further that 
all pipe sections shall be stress-relieved and hydrostatically tested at a hoop 
stress of 22,000 pounds per square inch, to prove the safety of the pipe 

This fabrication procedure permitted the use of a joint efficiency of 95 
per cent, in accordance with the A P I -A S. E code for unfired fusmn' 
welded pressure vessels. The computed shell thicknesses vary from /^-inch 
at the upstream end to 2%'inches at the lower end. All joints in the pipe 
shell are double butt-welded, except the fiield girth joints opposite the con- 
traction joints in the dam These joints are provided with outside buttstraps 
welded to the pipe at the upstream edge. The butt-joint m the pipe shell 
will remain un-welded until after the concrete in the dam has cooled off 
and the contraction joints are grouted tight. After the grouting is com- 
pleted the slip-joints will be welded up from the inside of the penstocks 
The outside of these slip-joints are protected with asbestos sheet packmg, 
extending for 5 feet at each side of the joint, to prevent a bond between 
the steel pipe and concrete, reducing thereby the fixity of the pipe and a 
tendency of cracking in the weld Each penstock is provided with a by-pass 
and drain connection near the upstream end, for filling and drainage pur- 
poses, also with piezometer and pitot tube connections for pressure and 
velocity determinations in connection with the turbine performance tests. 
At the downstream end each penstock except No 5 is provided with a 
kteral for connection of 36-inch diameter penstocks leading to two 3500 
horsepower station service turbines connected to 2500 kilowatt generators 

Steel Plates— The steel plates used are of the firebox quality, grade B, 
in accordance with the standard speafications for low tensile strength carbon 
steel plates, A. S T. M. designation A-89, of the American Society for Test- 
ing Materials. Tests were made of every heat of steel at the mill, twenty-one 
of which, including thicknesses from 1 inch to 2 V 2 inches, showed the 
following range in physical and chemical properties: 


Yield point 28,560 to 43,200 p. s. i. (average 33,000) 

Tensile strength 55,160 to 61,950 p s,i. ( “ 58,000) 

Elongation in 8-mches 25 to 37% ( 30) 

Carbon 14 to .22% (average .17 ) 

Manganese 43 to .58% ( .50 ) 

Silicon 08 to .10% ( ‘‘ 09 ) 

Phosphorus 010 to 016% ( 012) 

Sulphur 024 to .039% ( .032) 

The above physical values compare with the following specification re- 
quirements a minimum yield point of 27,000 pounds per square inch, an 
ultimate strength of 50,000 pounds per square inch and an elongation in 

8-inches . The low carbon content with its low air-harden- 


Tensilc strength 

ing properties makes it possible to produce ductile welds with the use of 
heavily coated electrodes, which will be able to withstand the surges and 
shocks, due to water hammer in the pipe line. This is extremely important 
in penstocks and pump discharge lines where brittle welds may develop 
cracks and ruptures in the line causing interruptions in service and often 
extensive damage m life and property The stress-relieving of completed 
sections will further improve the ductility of the deposited weld metal and 
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Fig. 4. Supporting ring. 



704 


STUDIES IN ARC WELDING 







706 


STUDIES IN ARC WELDING 


its impact resistance, removing at the same time all residual welding stresses 
of consequence. 

Shop Fabrication — As the penstocks are too large for economical ship- 
ment when fully fabricated, the plates are prepared for welding and rolled 
into half-circles at the Chicago Bndge and Iron Company’s plant m Chicago, 
then shipped to a field fabricating plant erected at Coram, about a mile 
downstream from the dam. Here the penstocks are fabricated into erection 
lengths of 20 feet by the Western Pipe and Steel Company, contractor for 
the fabncation of the penstocks The field fabricating plant at Coram is 
equipped with welding, testing, handling and radiographic equipment to 
complete the fabrication of the penstocks All butt-welds in the pipe shell 
are wielded on automatic welding machines, depositing the welds in two 
passes, one on each side of the joint, using a double V-groove m the plates 
to be joined For the field-welded joints between shop-sections double V- 
grooves are used for plates lY 2 'mche 8 thick or less and double U-grooves 
for plates over Ij^^mches thick. Before any production weldmg was author- 
ised test plates were prepared of ^'xach and 2l/^-inch steel for the qualifica- 
tion of the automatic welding process which the contractor proposed to use. 
After the adequacy of the welding process was proven by tests made on 
specimens cut from these plates production welding was authonsied All 
manual weldmg operators were qualified by prepanng a butt-weld test plate 
and a fillet-weld break specimen for all-position welding Control of the 
weldmg technique and procedure durmg production welding is mamtained 
by the preparation of production test plates, by etching specimens, and by 
stress-relief acceptance tests. Fig. 8 shows a photo-macrograph of a 2^2 Hich 
etched weld specimen prepared for that purpose. The macrograph clearly 
shows the two weld passes and a number of Rockwell “’B” hardness readings 
of the weld and adjoining plate The hardness values mdicate a fairly uniform 
distnbution between a low value of 67.0 in the plate to a high value of 
76.3 in the weld (Brinnell 119 to 139.6). 

Fig. 9 shows several pipe sections in the course of fabncation in the field 
fabricating plant and Fig. 10 shows an automatic machine used m welding 
a circumferential jomt, m the Coram fabncatmg plant. All welds are radio- 
graphed with portable X-ray equipment as shown in Fig 11 and all pipe 
sections are first stress-relieved in a specially constructed stress-relievmg 
furnace, then hydrostatically tested m the testmg machme shown in Fig. 12, 
before they are ready for installation m the penstock system. Defects dis- 
closed in the welds by the radiographs or m plate and weld metal during the 
pressure tests are chipped out to soimd metal and re-welded All repaired 
welds are re-radiographed and the pipe sections re-tested hydrostatically to 
prove the quality of the repair welds. The bend sections are pressure-tested 
by weldmg several bends together with small butt-welds and closing the 
ends with dished heads. After the tests are completed the sections arc 
separated by flame-cutting without disturbing the original edge preparation 
for the permanent welds. 

Since the penstocks are installed under a separate contract, the specifica- 
tions required that the erection lengths be made accurately to length and 
with ends normal to the axis of the pipe within ^g-inch on the radius to 
insure a proper fit and alignment m the line when erected A maximum 
offset of 34e-mch was allowed for the inner surfaces between adjoining 
plate edges at both longitudinal and circumferential joints 

Production tests made of double V-automatic butt-welded joints for a 
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number of plates varying m thickness from ll^'^^iches to 23 /a'-mchcs showed 
the following physical properties 

Yield point — all weld metal. 59,400 to 49,150 p. s i 

Ultimate strength — all weld metal.— 61,800 to 68,350 p s i 

Elongation in 2*'m. — all weld metal 22 0 to 33 5^ r 

Elongation — free bend specimen 35 0 to 50 0^ 

Appearance — free bend specimen — 180 deg bend, no fracture 
in welds, only edge tear and plate fracture m two specimens 

Specific gravity of weld metal 7 81 to 7 87 

Nick break — ^Fme granual texture — no defects. 

The following physical properties were found in a number of autO' 
matically welded double V-butt-joints for plates from 1% inches to 2 inches, 
after stress-reheving, as determined on stress-relieve acceptance test plates: 

Plate metal Alhweld-metal 

Yield point, psi 33,330 to 42,660 37,500 to 45,700 

Ultimate strength, p s 1 . 54,000 to 63,700 59,500 to 66,070 

Elongation m 2''in., %- 30.4 to 43 0 31.0 to 38 2 

From the above tests it can be seen that the ductility of the stress^relieved 
weld metal as revealed by the elongation is only slightly below that of the 
parent metal and that with modem welding procedures it is possible now 
to produce welded joints which are about as safe as the plate itself. 

Installation — ^The penstocks are installed by the general contractor of 
the dam, the Pacific Constfuctors, Inc. The pipe sections are transported 
from the field fabricating plant to the dam on a special tractor-drawn trailer. 
The pipe sections not embedded in the dam are assembled progressively from 
the anchors and from the ends of the embedded sections, are erected on 
concrete piers and on temporary supports and placed in accurate position 
before the jomts are welded. 

Fig. 13 shows a pipe section bemg placed in the dam using a cableway 
supported from the head tower nearby. All girthjomts except the slipjoints 
at the dam contraction joints are manually welded from both sides of the 
joint, with weld metal deposited in successive layers and each layer cleaned 
of all slag and other deposits before the next layer is applied. The projection 
of the weld reinforcement over the inside surface is limited to J/g inch. The 
speafications require that all welds be peened while hot to relieve stresses 
and to improve the quality of the welds. The welding in the slipjomts will 
be performed under proper procedure control and in such a manner as to 
reduce the residual weldmg stresses normal to the joint to a minimum, as 
determined by strain-gauge measurements made at the time of the welding 
and peening operations All girthjomts except the slipjoints are radiographed 
and all defective welds are chipped or ground out to sound metal and the 
area is re-welded and re-radiographed. All field-welded seams are also to 
be tested by the magnaflux method of magnetic testmg to disclose surface 
or near-surface cracks in the welds. 

Before embedding the upstream sections of the penstocks in concrete 
the pipe will be securely anchored in place, then thoroughly cleaned on the 
outside and painted with a cold application coal tar paint to a mmimum 
thickness of %2 ii^ch and the ends of the slipjoints will be wrapped with 
asbestos sheet packmg. Reinforcement steel will be placed around the pen- 
stocks and all pie 2 ;ometnc and drain connections will be completed before 
the concrete is poured around the pipe. Internal braces are placed in the 
pipe d^rmg concreting to provent deformations in the shell. The pipe 
to be supported from die concrete piers and rockers will be adjusted to the 
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Fig. 7. Exponsioii joints. 
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Rg. S. Hardness readings, Rockwell "B". 


proper position for the prevailing temperature by means of a setting chart 
and the rocker and bearing will be held in position by means of erection 
plates until the bearing base is grouted to line and grade in the concrete 
pier and the grout has taken its initial set. 

After the erection is completed and before any cleaning and painting 
is done, each penstock will be subjected to a hydrostatic pressure test of 
approximately 150 per cent of the pressure for which the penstock is de- 
signed. Bulkheads are provided for this test at both ends of the penstocks. 
After the completion of the pressure test and the repairs necessitated by 
this test, each penstock will be cleaned by blasting both interior and exposed 
exterior surfaces and painted with cold application coal tar paint not less 
than and not more than % 2 "li^ch thick. Fig. 14 shows the installar 

tion work' in the dam progressing toward the power house. 

All shop and field-fabrication and welding is performed in the presence 
of government inspectors, who also examine all radiographs for defects and 
determine areas to be chipped out and to be re-welded, they witness the 
preparation of the test plates in connection with the qualification and pro- 
duction tests, witness all pressure tests and inspect the completed work to 
determine whether it meets the requirements of the specifications. 

Riveted Design — ^The use of riveted construction for penstocks of equiva- 
lent capacity and for operation under identical heads will necessitate quad- 
ruple and quintuple butt-riveted joinits with rivets up to 1^4 h^ch diameter 
to obtain good efficiencies and reasonable shell thicknesses. The longitudinal 
joints will have inside and outside straps and the circumferential joints will 
have one double butt-riveted outside strap. The heavy plates involved will 
make it preferable to drill the rivet holes with all plates assembled to insure 
a good fit. Rivet holes will be drilled to %6"hich larger than the nominal 
rivet diameter. The edges of all outside longitudinal butt-straps and of the 
circumferential butt-straps will be beveled for caulking and the ends of the 
outside longitudinal butt-straps will be welded to the circumferential butt- 
straps to eliminate the necessity of scarfing which is not economical for the 
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Fig. 10. The welding set-up for circumlerential seonui. 
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heavy plates involved. The edges of plates forming longitudinal seams will 
be planed or machine flame-cut to bring the pipe to exact diameter and to 
insure joint tightness. The ends of all sections will be trimmed to true lines. 
No drifting will be permitted for unfair holes. If holes require enlargement 
to admit the rivets, they will be reamed. 

Before riveting all plates must be thoroughly cleaned and freed from 
rust, scale and burrs and the several plates will be properly aligned and 
securely held together with erection bolts. Wherever possible, rivets will 
be driven by pressure tools of sufficient capacity to completely fill the rivet 
hole and form the head. All rivets shall have full heads concentric with 
the shank and no re^cupping or caulking of heads will be permitted: All loose, 
burned or otherwise defective rivets will be cut out and replaced, without 
injuring the adjacent metal. In order to avoid shrinkage of the rivets on 
cooling, the riveting pressure shall be maintained on the pressure tool until 
no part of the head shows red in daylight. All seams must be caulked on 
the outside in first class boiler work fashion and shall be left uncoated until 
after all hydrostatic pressure tests are completed. Leaky rivets shall be rC" 
placed with new rivets and pipe sections so repaired shall be retested until 
found watertight under pressures of 150 per cent of the operating pressure. 

Hydraulic Considerations — In the construction of penstocks it is import 
tant to select a design which will be not only structurally safe but also 
hydraulically efficient in conserving the available power head. Hydraulic 
efficiency will also be affected by the condition of the pipe interior. A con- 
tinuous interior pipe with smooth joints as produced by welding will offer 
less obstruction to the flow of water and cause less loss in head than a pipe 
with a rough interior surface as produced by projecting rivetheads and 
straps in riveted construction. Hence from the standpoint of hydraulics 
alone the welded pipe will be more advantageous than the riveted pipe and 
considering equal capacity, the welded pipe need not be as large as the pipe 
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with riveted joints A hydraulic analysis based on unit No 3 of the Shasta 
penstocks will serve to prove this statement 

Diameter of fulhwelded penstock == 15'-0" 

Length of penstock = 865'-6", (which is the average of the 
5 units) 

Q = 2800 sec. ft of flow at rated head. 

Max. static head = 479 ft 
Max water hammer head = 180 ft 
Commercial value of power = 5 68 mills per kw hr 
Estimated hydraulic energy for sale per year (5 units) = 
984,276,000 kw hr 

Annual value of 1 ft. of head = $14,825' for five units 


Head Losses: 

In the straight welded pipe, the head losses, based on Scobey’s co- 
efficient of retardation Ks == 32, will be 


H = Ks 


V1.9 865.5 


Di.i 


X 


1000 

V2 


= 2.68 ft. 


Bend losses C X — == 0.91 ft. 

2g 


(where C is loss co-efficient based on 
Thomas’ expenments on smooth mi- 
tered bends). 


The total head loss is 3 59 feet for penstock No 3 This head loss repre- 
sents a considerable loss in power revenue Based on a commercial rate 
of 5 68 mills per kilowatt hour this head will have a power value of $53,222 
per annum for the 5 units For a riveted pipe of the same diameter the 
loss in head, based on Scobey’s co-efficient of retardation Ks = 52, for plates 
over thick with double butt-strap joints, the loss would be 5 87 feet, 

evaluated at $87,023 per annum The capitali2;ed values of these head losses 
would be $855,000 for the five 15-foot diameter welded penstocks and 
$1,403^000 for the five 15-foot diameter riveted penstocks (based on interest 
at 4 per cent, depreciation at 1.78 per cent and operation and maintenance 
at .42 per cent) . 

Considenng on the other hand, that it were necessary to design riveted 
penstocks with the same net power capacity as the 15-foot diameter welded 
penstocks, a diameter must be found which at a flow of 2800 second feet 
will have an identical head loss By tnal analysis it is found that a 16-foot 
9-inch diameter riveted pipe will have a flow and head capacity equal to 
a 15 -foot diameter welded pipe, based on above loss co-efficients in pipe and 
bends 

Estimated Weight of Welded and Riveted Construction — Considering 
the larger diameter and the lower joint efficiencies of the riveted pipe (vary- 
ing from 80 per cent to 93 per cent for the various plate thicknesses as com- 
pared to a uniform joint efficiency of 95 per cent for the welded pipe) the 
shell thickness would be from 16.7 per cent to 33 3 per cent greater than 
for the 15 -foot diameter welded pipe, with an increase in weight of from 
49 per cent to 105 per cent The excess weight of the riveted pipe is partly 
due to the additional weight of the butt-straps and nvetheads in the joints 
The following tabulation based on a detailed analysis of the weight of shell, 
butt-straps and nvetheads as taken from actual joint designs shows the dif- 
ference m weight between welded and riveted construction 
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Fig. 12. Hydrostatic test. 


diam. welded pipe 16 '— 9 " diam. riveted pipe 


Shell 

Thickness 

Joint 

Efficiency 

Weight 
of Pipe 
per 

Lin. Ft. 

Shell 

Thickness 

Joint 

Efficiency 

Weight 

of 

Shell 

Weight of 
Straps and 
Rivet' 
heads 

Weight 
of Pipe 
per 

Lin. Ft. 


95% 

1520# ■ 

H" 

89.8% 

1978# 

447# 

2425# 

xyi" 

95% 

2285# 

1%" 

93.0% 

2977# 

898# 

3875# 

iK" 

95% 

3055# 

XH" 

92.7% 

3980# 

1460# 

5440# 

xW 

95% 

3820# 

2%" 

87.0%, 

5110 # 

198(V 

1150 # 

IK" 

95% 

4600# 

3' 

80.0% 

6865# 

2595# 

9460# 


Shells from ^-inch to I]4"inches will be quadruple butt^riveted, shells 
from 1 %6 "inches to 3 "inches will be quintuple butt"riveted. All weights 
are based on two longitudinal joints for each pipe and of girthjoints spaced 
10 feet apart. 

Fig, 15 illustrates graphically the above tabulated diiferences in plate 
thickness and weight between welded and riveted pipe. 

The above comparison between penstocks applies also to all other water 
conduits, such as pump discharge lines, where a rough interior such as 
produced by fulhriveted construction would require more powerful pumps 
to overcome the frictional resistance; or gravity conduits, where only a 
limited head is available to overcome the friction in the line. The economic 
trend is the same inasmuch as the smooth interior pipe will carry more 
water and would be less costly per unit of flow unless the riveted pipe could 
be fabricated at a considerably lower cost -than the welded pipe. In the 
following cost analysis it will be shown that this is not the case. 

Estimated Costs — ^The cost of the welded pipe consists of the cost of 
the steel, layout work, plate preparation, rolling, welding, weld examination, 
stress"relieving, pressure testing and installation. The cost of the riveted 
pipe consists of the cost of the steel, layout work, plate preparation, rolling, 
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Inlling, nveting, caulking and sealwelding, pressure testing and installation 
The cost of the latter items varies with the si 2 ;e of the rivets for each plate 
hickness The unit costs of these variable items were computed for each 
>late thickness and a weighted average price per pound was taken to repre- 
ent all plate thicknesses A waste of 1^2 was allowed for the 

utting and preparation of the plates received from the mill 


Cost of five 15-ft. diam. welded penstocks (from contractor’s bid) 


Item 

Quantity 

Unit Cost 

Item Cost 

20" wide steel plates 

14,880,000# 

.0235 

$349,680 

ihop fabrication and testing 

14,660,000# 

095 

1,392,700 

Transportation — prefabricated plates 

14,660,000# 

0117 

171,522 

ladiographic examination — shopjomts . .. 

.. . 2?,0001m ft 

$1 25 

31,250 

kress-relieving 

14,660,000# 

005 

73,300 

■iauling of pipe sections 

. .. 14,660,000# 

002 

29,320 

nstallation and testing . . 

. 14,660,000# 

016 

234,560 

ladiographic examination — field] oints 

. . 9,000 Im ft 

$1 75 

15,750 

>and blasting and painting 

.. .. 3 55,000 sq.ft 

075 

26,625 

Total cost of construction 




. $2,324,707 

Cost of five 16'-~9" 

diam. nveted penstocks 


Item 

Quantity 

Unit Cost 

Item Cost 

20" wide steel plates 

26,100,000# 

0235 

$613,350 

)hop fabrication and testing 

25,830,000# 

100 

2,583,000 

Transportation — prefabricated plates 


0117 

302,211 

iauling of pipe sections 


002 

51,660 

nstallation and testing 

do 

.015 

387,450 

>and blasting and painting 

400,000 sq ft 

075 

30,000 

Total cost of construction 



...S3.967.671 



Propartionate Savings Due to Welding — ^The above estimates show a 
otal construction cost $2,324,707 for the welded penstocks and $3,967,671 
or the nveted penstocks, both of equal flow capacity and net power head 
The saving in weight for the welded construction is 11,170,000 pounds or 
[•3 2 per cent, and the unit cost of the welded pipe is $0 158 per pound and 
)f the nveted pipe $0,153 per pound These costs are only for the steel pipe 
nd do not include the cost of excavation, concrete piers and anchors which 
Q this case compnse about 13 per cent of the cost of the steel pipe, increas" 
tig thus the entire installation to approximately $2,627,000 when welded 
nd to approximately $4,483,000 when nveted. The total possible savmg 
a cost by using a welded construction will be about $1,856,000 or 41.4 per 
ent of the cost of the nveted construction. 

Estimated Annual Gross Saving Due to Arc Welding — (a), The Bureau 
f Reclamation constructed, during the past five years, an average of about 

1.100.000 worth of steel penstocks and $200,000 worth of other steel water 
anduits annually, all of arc welded construction If these pipe lines would 
ave been of riveted construction, the cost would have reached about 

2.220.000 per year, when based on above analysis. An annual saving of 
bout $920,000 was thus possible by modem welded design and construction. 

(b). By industry in general the annual gross savings due to arc welded 
mstocks alone may be estimated from the annual increase in installed 
ipadty of hydroelectnc energy in the United States This increase varied 
om year to year and was estimated at 480,000 kilowatts for 1941 and 

1,020,000 kilowatts for 1942, which may have been considerably increased 





SECTION VIII— CONTAINERS 


715 



Fig. 13. A fabricated sectioxi. 


because of the increased power requirements of our war industries during 
-hese years. Using the construction cost of riveted penstocks estimated for 

Shasta Dam, the unit installation cost would = $11.95 per 

375,000 

kilowatt of installation, for an installed capacity of 375,000 kilowatts. With 
m estimated saving of 41.4 per cent, the annual saving possible with arc 
welded penstocks may be computed at 11.95 X 414 = $4.95 per kilowatt 
hstalled. Accordingly, the annual saving in installation cost may be estimated 
IS follows: 

For 1941 the saving would be 480,000 X 4.95 = $2,376,000 

For 1942 the saving would be 1,020,000 X 4.95 = $5,049,000 

The entire installed hydroelectric, capacity of the United States on Jan" 
jary 1, 1941, was 11,675,300 kilowatts. Adding the scheduled increase since 
:hen, the generating capacity on June 1, 1942, presumably was 12,700,000 
dlowatts. There are no figures available but it may be assumed that at least 
75 per cent of the penstocks serving : the plants which make up this total 
ire of riveted steel construction, the c^her 25 per cent being divided between 
woodstave, concrete and welded steel* construction. Using the above esti" 
nated unit saving of $4.95 per kilowatt of installed capacity, a total saving 
n construction cost of $47,148,750 cpuld have been effected, if it would 
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have been possible to use arc welded design and construction at the time 
when the plants were built. This saving would be proportionally larger 
if applied to all other water conduits siich as pump lines, siphons, water 
supply lines, aqueducts, etc., of which there is no complete record available. 

Increased Service Efficiency — ^In riveted pipe the heavy butt-straps and 
rivetheads projecting into the interior of the pipe interrupt the smooth flow 
of water, producing a disturbance and setting up eddy currents at each 
projection. Each rivethead will be subjected to some cavitation at its down" 
stream side, which eventually will remove the paint and attack the metal 
underneath, requiring more frequent cleaning and painting. In pipe lines 
carrying water with a high silt and sand content, the rivetheads near the 
invert of the pipe are often worn off by the continuous abrasive action of 
these siKpended solids. This not only removes the paint from the rivetheads 
but in time may weaken the rivetheads sufficiently that replacements are 
necessary. 

From the standpoint of stress on the other hand, a riveted joint is not 
capable of transmitting the hoop tension between adjoining plates of the 
shell as uniformly and effciently as in a butt-welded joint. The reason for 
this lies in the fact that many of the rivets in a joint because of their location 
with respect to the point of stress in the shell or due to the restraining action 
on the heavy butt-'Straps and a poor alignment in the rivet holes, may not 
carry their proportionate share of the load, which often results in the over" 
stressing of other rivets closer to the point of stress in the shell. This 
condition becomes more pronounced with increasing shell thickness and 
correspondingly heavier butt^straps. The latter having also the effect of 
reducing the net cross"sectional area of the pipe increasing thereby the 
velocity and head loss. In a 16"foot 9"inch diameter riveted pipe with two 
longitudinal joints as considered above the inside straps for the- Bunch shell 


Hg. 14. Insfallofion work near power house*. 
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WEIGHT PER LIN. FT. OF PIPE - IN 1000 LBS, 


Fig. 15. Comparative weights of welded and riveted steel pipe of equal flow and 

Motion head. 

would decrease the net area by two square feet approximating nearly one 
per cent of the total and increasing the velocity and friction head propor^ 
tionally In comparison a double butt-'riveted pipe will have a uniform and 
concentric stress-transmission in the shell, a smooth interior without inter- 
ruptions in the surface or changes in cross-sectional area This will produce 
a smooth, even flow, free from eddy currents and cavitational disturbances. 
The result will be a reduction in vibration and in cavitation with its destruc- 
tive effect on paint and metal, all contributing to a longer useful service 
of the pipe line and to reduced shutdowns for maintenance. The increased 
flow efficiency made possible with welded pipe has been proven in the 
hydraulic analysis above. 

Social Advantages — ^The adoption of welded construction' will not only 
produce absolutely watertight condmts but will, on the other hand, yield 
considerable social advantages As shown above, the penstocks analyzed 
will result in a considerable saving in steel plate amounting to about 43 per 
cent This large saving in a vital natural resource is of great importance at 
any time, but can be more fully appreciated during the present emergency, 
when it is of prime importance to divert all available strategic materials, 
of which metals are the most crucial, to defense purposes to protect our 
way of hfe. By the use of the hydraulically more effiaent welded steel pen- 
stocks or pumping lines, our water power resources will be utilized more 
efficiently and society in general will benefit from this better utilization 
and reduced construction cost by enjoying the lower power rates resulting 
from it Life and property will be more fully protected by the safe con- 
struction made possible in usmg ductile steels properly welded and tested, 
assurmg thus a welded j'ob capable of safely withstanding shocks and impact 
loads due to water hammer and seismic disturbances. 




Chapter V— Welded Water Wheel Center Casing 

By W. W. Armour 

Vice'Prestdent, Armours Pattern Shop Co, Weldtng Engineers, 
Worcester, Massachusetts 


Subject Matter: A welded water wheel center casing for 40''inch 
runners The casing consisted of two parts with bolting flanges 
along the center Ime of intake opening. Designed so that various 
sections could be cut from a flat plate and rolled to the desired 
curvatures The casing was constructed with 41!/2'inch 

diameter intakes and a 66 inch diameter outlet The shell 
ness was y^inch. A wooden form of inside dimensions ot the 
shell was made Paper templates of each segment of shell was 
made and the plate was cut to size and segments were welded 
together The weight of the shell was one^half of what a cast 
iron shell would be The advantages are less cost for metal and 
no pattern required 

In presenting this pa.per under the above subject, it is recogni 2 ;ed that 
the construction of water wheel casings or turbine shells by welding is not 
a new idea, but it is believed that this paper introduces a new method of 
procedure. 

Design— 'The casing, (See Fig 1), was designed to consist of l^o parts 
the upper half and the lower half, with bolting flanges along the center 
line of the intake openings The design was also earned out with the 
intention of reducing, as much as possible, the amount of warped surfaces 
on the shell, so that the vanous sections of the shell could be cut from 
flat plate and rolled to the desired curvatures It was also designed 
symmetrically about the vertical axis so that the vanous segments of the 
shell were duplicated. This idea may be readily understood by referring 
to photographs 

A water wheel casing of this design was constructed with two 
diameter intakes and a 66''inch outlet The overall length of the shell at 
the intakes was 9 feet 3 ^/ 2 unches The distance from the center of the 
intakes to the outlet flange was 3 feet 5]/^'inches The thickness of the 
shell was %unch. 

An allowance of %'mdi for machining was provided on the faces of 
the bolting flanges 

Procedure — ^First, a wooden form of the inside dimensions of the shell 
was made This form was made of built-up oval shaped sections at each 
j*omt or weld The amount of oval corresponds to the allowance provided 
for machining on the bolting joint flanges. These wood sections were 
strongly braced to each other so that the form would support the weight 
of the shell plates and also permit the use of clamps to hold the plates 
in place 

Paper templates were then made of each segment of the shell, trans" 
ferred to a steel plate and flame cut to sisje 

These vanous segments were then rolled to fit templates correspondmg 
to the oval sections of the form, and where the segment did not exactly he 
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to the form, it was pulled down by clamps. The segments fitting at the 
intake openings were put on the form first. Then segments fitting next 
to them were placed on the form and tack-welded to the first segments. 
This procedure was carried out until the shell was. completed and tack- 
welded. 

The intake and outlet flanges were then set in place and tack-welded. 
Clip plates were welded across the joints of the intake flanges to keep them 
in proper alignment during welding. 

The longitudinal ribs and bearing box on the upper half of the shell 
were fitted into place and tack-welded. 

The wooden form or skeleton was knocked out and the segment joints 
were welded inside and out. The shell was put in position so that most 
of the welding was accomplished down-hand. 

After the seams of the shell were completely welded, the center line 
of the joint was scribed on the shell. Lines %-inch on each side of the 
center line were also scribed on the shell. The section between the two 
lines on each side of the center lines was cut away with a cutting blow-pipe. 
The bolting flanges were then fitted to the shell on each side of the center 
line and welded in place as shown on the photographs. The hand-holes and 
small ribbing were then completed. 

The tack-welds of the intake flanges were then broken where necessary 
and the flanges were squared and aligned parallel, tack-w^elded in place 
and welded complete. 

Observations — ^The wood form enabled us to assemble the segments of 
the shell, and served as a jig to keep the correct dimensions of the shell 
throughout. 

When the shell was cut away for the joint bolting flanges, there was 



Fig. 1. Welded water wheel eenter casing. 
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only a l/s'kich bow of the top half of the shell. No effort was made to 
correct it, because it was believed that when the joint flanges were welded, 
some of this bow would be removed. This proved to be the case, as only 
a Yx^'kich bow remained at the joints of the intake flanges. 

Welded Construction Compared with Iron Casting — ^Water wheel casings 
of the approximate size as the one described, have been made of cast iron. 
Good foundry practice would dictate that the thickness of the shell would 
have to be at least ^-'inch thick so that the iron could fill the mould rapidly 
without chilling too much. 

Therefore, at the outset, the welded construction method affords ap^ 
proximately a 50 per cent saving in weight over the casting method. 

The usual method of making a cast iron shell is to provide patterns or 
a skeleton from which the mould can be made, and also core boxes or 
skeleton arbors for making the cores of the shell. 

Complete patterns and core boxes would constitute an expensive item 
of the cost of the shell; whereas, a skeleton pattern and skeleton core 
arbors, although costing about the same as the wood form used in the 
welded construction method, would add materially to the moulding costs. 
Shell castings, made by using skeleton patterns by sweeping up the moulds 
and cores, sometimes vary in thickness as much as %dnches. Therefore, 
welded construction for water wheel casings has the advantage of uniform 
thickness of material. 

Another advantage which the welded water wheel casing possessed 
over the cast shell was a 15 per cent saving in cost. 

Conclusion — ^Welded construction for a water wheel casing such as 
described in this paper proved to be a more advantageous method of prO' 
duction than if it had been made of cast iron. 



Chapter VI — ^AU Arc Welded Steam Line 


By William A. McGee 

Mechanical Engineer, The 7^ew Tor\ Central Railroad Co., Cleveland, O. 


Subject Matter: Steam line designed to carry 34,000 pounds of 
steam per hour located in a plant which has a locomotive repair 
shop and a round house. The pipe is 2,000 feet long and 
traverses 700 feet of tunnel, 360 feet in underground conduit 
and the balance in risers and overhead line. The line is Sdnch 
lap welded steel pipe in 20 and 40 foot lengths and with ends 
beveled for welding. The estimated savings by welding is $2,486; 
this also includes labor time which would have been needed to 
protect flanges. The estimated savings in the railroad industry 
is $350,000 for like work per year. 

William A. McGee 



The 8-inch steam line is designed to carry 34,000 pounds of steam per 
hour at 145 pounds initial gauge pressure and 75 degrees F. superheat. 

The plant contains a 36'pit locomotive repair shop and a 49-stall engine 
terminal round house. 

Approximately one heavy repair (Class 2-3) locomotive and one-half 
light repair locomotive are turned out each day at the locomotive repair shop 
and from 140 to 150 locomotives are handled at the round house each 
24 hours. 

Formerly, two separate power plants served these shops, one located 
at the locomotive shop and the other at the round house. 

With the construction of the line in question, the power plant located 
at the round house was shut down; one 500 horsepower boiler in this plant 
was retained for use in emergencies and during extremely cold days in 
winter. 

A net annual saving in operation of approximately $10,000 is made by 
this arrangement. 

Some of the details of the line are shown in Fig. 1. 

The peak requirements at the round house amount to approximately 
34,000 pounds of steam per hour. 

Problems incidental to construction of the 2,000-foot pipe line required 
careful planning, as it traverses through approximately the following: 700 
feet of tunnel, 360 feet in underground conduit’ and the balance in vertical 
risers and overhead in buildings; a portion of the underground line in 
conduit crosses under two railroad tracks and one trucking road. 

The line is constructed of 8-inch lap welded steel pipe, 28 pounds per 
foot, 0,322-inch wall thickness, and was supplied in 20-foot and 40-foot 
lengths, with plain ends beveled 37VS degrees for welding. 

All elbows are of seamless steel *‘tube^turns’V and lateral outlets are 
“Weldolets’’; there are no threaded flanges or fittings in the line; gate valves 
are 250 pound pressure ferro-steel and flanges are 300 pound pressure forged 
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steel slip-on type, special %-inch steel studs were used m all flanged con- 
nections and flanged fittings 

Great care was exercised m determining the number, kind and location 
of expansion joints At all locations, except in the tunnel, long radius ex" 
pansion loops and “U’"’ bends were used, a 300 pound working pressure, 
cast steel, double, internabexternal guided type expansion jomt was used 
in tunnel 

The line is insulated with sectional covering, 2"mches thick, the portion 
underground is encased in spiially corrugated iron conduit, the outside of 
which was treated with asphalt and felt- wrapped 

Attention is called to the unique method of supporting the line which 
spans the distance of 38-feet 6-inches between stationery storehouse annex 
and electrical buildmg This method of welded support eliminated the use 
of a column support, which would have obstructed a trucking driveway 
at this location 

Regarding the saving 

Our largest saving is from the increased life of arc welded over the 
conventional method of pipe with screwed-on flanges or couplings. Pipe, 
to a large extent, fails at the threads and not in the body or thicker part 
of the pipe The threading of standard pipe reduces its thickness about 
one-third, while welding has a tendency to slightly increase the pipe thick- 
ness at location of weld On this premise, the arc welded pipe should endure 
approximately 33 per cent longer than the threaded pipe; however, the 
writer has installed a number of welded lines, si 2 ;es two to six inches, in 
various locomotive round houses, and has found that these welded lines 
have given more than double the life of threaded pipe lines of similar si 2 ;es 

The cost of mstallation also is in favor of the arc welded over that 
of the threaded line 

The 8-inch line described above cost approximately $14,000 for complete 
installation 

The saving of welded compared with threaded and flanged joints in this 
hne was as follows 

Threaded Flanges 


2 — S''' Ex Heavy Screwed Flanges $11 10 

1—8" Gasket 40 

1 — Set of Bolts 1 20 

Cost of Threading Pipe 2 00 

Freight Charges and Handling 40 

Labor attaching flanges to pipe and refacing same 3 50 


$18 60 

Arc Welded Joint 

Power $ 25 

Welding Rod 21 

Beveling Pipe 00 

Labor 1 04 


$ 1 50 

Difference in cost $17 10 

Line contained approximately 110 joints 


Savmg (110 X ^7 10) = $1,881 — ^which equals about 13 43 per cent 
saving over screwed flanges 

i^other si2;eable saving is that of insulation or pipe covering 



724 


STUDIES IN ARC WELDING 


Application of insulation on the welded steam line, due to absence of 
flanges, saved some labor time over that formerly required for this work, 
also considerable saving is made in cost of material due to elimination of 
covering of flanges, as follows: 

Cost of covering material and labor applying same: 


For set of 8" flanges $6.50 

For welded joint 1.00 

Difference .$ 5 , 5 0 


Saving in covering of 110 joints on line in question (110 X $5.50) is 
$605, or about 4.3 per cent. 

From the above it appears that a saving of $2,486 ($1,881 plus $605) 
or 17.75 per cent was made by application of arc welded joints. 

This pipe line has been in service since, the fall of 1941 and has given 
no trouble whatever from any of the welded joints. 

The job has proved so successful that we contemplate welding all major 
steam line work in the future. 

Wc probably spend from $75,000 to $100,000 per year on an average 
for this class of pipe work. 

There are, in round numbers, about 1,000 railroads in the United States; 
therefore, if we assume that on an average each will spend only $2,000 
per year on pipe work of this nature, a saving of over $350,000 per year 
could be effected by arc welding. 



Section IX 
Machinery 


Chapter I — Fabricated Rolled Steel Machinery 

By John O. Ogden and E. J. Eldridge 

General Manager and Director, and Draftsman, respectively, Welded Products, Pty. Ltd,, 

Sydney, Australia 



John 0. Ogden 


Subject Matter: A number of heavy-duty 
metal working machines built in Australia, 
such as forging presses of crankless type 
(capacity 300-tons); guillotine shears (ca- 
pacity 10-feet by 1-inch) ; plate edge 
planing machine (capacity 20-feet by V/ 2 ' 
inches); punching machine (capacity 2- 
inches through 2-inches of mild steel); 
shearing machine (capacity IJ^-dnch mild 
steel plate, 42-inch gap). Paper discusses 
steps necessary to evolve a satisfactory 
design of the frames. Calculations for all 
welds are given. Cost analyses indicate 
savings ranging from 32 per cent to 45 
per cent. Advantages listed by authors 
include: greater reliability and flexibility 
of design, faster production, better appear- 
ance, increased efficiency. 



E. J. Eldridge 


In all the ama^iing developments of the welding science, there are few 
to equal the developments in the metal working machine tool manufacturing 
industry. This is particularly the case in Australia, where an exceptionally 
wide variety of machinery has to be produced to meet the demands of a 
comparatively small market. It is not possible in Australia, except in a few 
instances, to produce machinery on anything like a mass production basis, 
one or two of a particular machine being the rule rather than the exception. 
This small market coupled with the wide variety of machinery required 
rendered it imperative to develop some means whereby these difficulties 
could be overcome. This obviously was not possible if it were necessary to 
ntHiz^ cast iron or cast steel machine frames, as the pattern cost would be 
prohibitive. Importation also presented many difficulties, in that often the 
machinery available on the overseas market was not quite suitable for the 
particular purpose in view, this necessitating makeshift arrangements. 

It was to overcome these difficulties that the firm with which the writers 
are associated commenced operations some seven years ago. The basic idea 
behind the foundation of the company was to produce machinery at a 
competitive price which would exactly meet the requirements of the pur" 
working machinery. 

The wide experience of the founders of the company indicated that 
chaser, this service at the same time covering a very wide variety of metal 
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there was a big potential demand for heavy duty machinery, equipped with 
unbreakable frames, as in practically every large industrial undertaking 
examples of brokeu and welded-up machine frames of cast construction 
could be seen, Further, a survey of the products of Australian manufacture 
and of the importation data showed that there was no local supplier of 
really heavy duty metal working machinery, such as presses, guillotme 
shears, punches, croppers, bendmg rolls and similar equipment, and it was 
in this particular line of manufacture that the company decided to specialise 
though a large vanety of other work has also been handled since the incep- 
tion of the company In fact, as an indication of the vanety of machinery 
produced, it may be said that over six hundred different designs of machines 
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have been turned out m the past seven years, and in all these hundreds of 
designs not one cast steel or cast iron frame has been utiLused, the whole 
of the output being equipped with fabncated rolled steel machine frames. 

It will be appreciated that seven years ago there was not the generally 
favorable acceptance of welding among the engineering fraternity of Austra- 
ha, as IS the case today, and a great deal of pioneering work was necessary 
to overcome the somewhat natural prejudices which then existed In fact, it 
may safely be said that the fabncated machine frame forced itself into 
favor by the excellence of its performance, and in spite of the volume of 
uninformed cnticism v/hich existed against it. 

The acceptance of the welded machine frame was probably brought 
about by three factors (1) the excellence of the project, (2) the pleasing 
modern appearance of the resultant machinery, and (3) the possibility of 
cost savings by the adoption of this method The latter factor is placed last 
on the list, as it has always been the contention of the wnters’ company 
that the prime cost of necessary equipment was the least important, as 
supenor performance would rapidly prove that the possible higher outlay 
was a good and profitable investment 

Accordingly, therefore, it has never been the policy of the company to 
produce machinery on a price basis, the only standard worked under being 
the proved excellence of the design, the cost being regarded as a secondary 
consideration. The soundness of this policy is amply borne out by the 
repeated orders for identical machinery from the big industnal undertakmgs 
of Australia. 

The foundation of the company was very materially assisted by the 
relatively low cost of the equipment necessary to produce fabrications as 
compared with the cost of equipping a foundry capable of handling similar 
sized units In the establishment of such an enterprise the essential equips 
ment consists of an oxy-acetylene or oxy-coahgas cutting machine and a 
welding set of sufficient capacity to handle large size electrodes, together 
with sundry auxiliary equipment, such as grmders, handling equipment, 
etc. To these bare essentials of equipment there must of course be added 
a designer of wide imagination, capable of divorcing his mind from con' 
vcntional ideas of machine design, and this man is the real heart of fabricated 
machine tool construction The equipment mentioned is the nucleus of the 
fabricating shop and calls for but a small capital outlay. This equipment 
can be elaborated upon and added to indefinitely, but with this equipment 
a surprisingly wide range of fabricated work can be undertaken and all 
subsequent elaborations branch out from these few machmes Thus it will 
be seen that it was possible to establish a flourishing concern with a very 
small capital outlay and to develop the Plant and equipment m a parallel 
manner to the development of the market for the project 

In considenng the development of the fabricated rolled steel machine 
frame, it must always be stressed that the advantages of this type of con' 
struction are many and vaned, and while the reduction of cost is important, 
there are other factors which are even more important from the user’s point 
of view. These may be summarized as greater reliability, a vastly greater 
factor against possible damage through accident, greater rigidity, greater 
lightness and foally the flexibility of design possible through the use of 
this medium. 

Thus, It IS possible to design, say a guillotine shears, capable of shearing 
I'inch mild steel plate lO'fect wide with a net weight of only 65,000'pound5, 
and yet produce a machine which is ngid, and the frame of which our 
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company is prepared to guarantee unbreakable without reserve. An illus' 
tration of this machine is given herewith as Fig 10 

A somewhat similar example of strength with lightness is m the case 
of the SOO-ton capacity crankless type forging press, (See Fig. 11) The 
mam units in the design of this machme frame are 4^‘'inch mild steel plates 
16'feet long and S^feet wide, which are built into a series of box sections by 
means of side plates and cross members, the whole resulting in an exception^ 
ally rigid unit, which is free from harmful deflection, thus resulting in 
increased die life, this frame also being guaranteed unbreakable without 
reserve. 

A further example of rolled steel fabrication is shown in the all steel 
plate edge planmg machme, (See Fig 12) In this case the entire machme 
IS of fabricated construction The front table and slide ways for the carriage 
are of steel, as also is the carriage, bron 2 ;e slippers being introduced between 
the two steel faces to ensure correct anti^fnctional qualities This machine, 
which IS of all electric control, is of most pleasmg appearance and very 
clearly illustrates the contention that the modern lines of a fabricated 
machine are just as attractive, if not more so, than the older style of cast 
construction. This machme could definitely not have been built m Australia 
without the use of welding 

As a final example before dealing m detail with the manufacture of a 
fabncated machine, we would illustrate a large punch and shearing machine, 
(Sec Fig. 13) which has a somewhat interesting history The machine was 
required for a new shipyard which was bemg established, the delivery being 
of the utmost urgency Our company was first called in in January 1940, 
the order was placed with us in February, and 16 weeks later the machine 
was shipped ready for use, in which time it had been designed and built 
from scratch with no preliminary design data. The main problem in the 
construction of this machine lay in obtaining sufficiently large steel plates 
for the side frames The plates required were 20Teet long by ^"feet 6^inches 
wide by 3 -inches thick, this si 2 ;e being beyond the capacity of the local mills, 
while the importation of the plates was too indefinite to consider. The 
problem was overcome by laminating three 1-inch plates of the required 
si5;e into one 3 -inch plate, the plates being welded all around the edges and 
further welded together round all the apertures, while a certain amount of 
plug weldmg was resorted to in addition. The method of carying out this 
lamination is illustrated in the attached photograph, Fig. 14 It will be 
noted that the center plate is set m about 54-inch between the two outside 
plates, thus enabling fillet welding without the necessity of preparing the 
fillet joint beforehand Further, the center plate is set up about 54dnch 
higher at the top than the two outside plates, which of course leaves a recess 
of about %nnch. at the bottom. Thus, once again fillet welds arc possible 
without preparation. In fact, the only necessity for preparation was around 
the various apertures, subject to subsequent machining operations. It may 
therefore truthfully be said that without the use of welding this machine 
could not have been built in Austraha, and keels could not have been laid 
to schedule six months -after the commencement of the construction of 
the shipyard. 

The foregoing instances illustrate very clearly the value of the fabricating 
process in the manufacture of heavy duty metal working machines, and we 
now propose to detail the steps necessary to evolve a satisfactory design of 
machine frame. 

The machine selected for analysis is an open fronted bar shear capable 
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of cropping 2V2'inch diameter rounds in 65''ton tensile steel with an operating 
speed of 15 strokes per minute rated for continuous cropping This is 
exceptionally heavy duty work for an open ended shear, as the maximum 
load is taken when the stroke has only travelled 10 per cent or 15 per cent 
of Its full one-half cycle Further, it is essential to prevent any springing in 
the cutting blades, as spring or deflection would be fatal to the life of the 
cutting edges in work of this kind 

In machines of this type the forces acting on the frame and the corre- 
sponding stresses induced are so complicated that mathematical analysis 
IS impossible to any degree of accuracy. 

In these machines where accurate alignment is required, rigidity is more 
important than actual strength Since it is possible to compute the stresses 
and strains only in the simplest of machine frames, the judgment and 
experience of the designer must govern to a great extent the design of the 
frame. 

The steel selected as being the maximum capacity of the machine is a 
high carbon steel 1 00 to 1.15 per cent carbon with an ultimate tensile 
strength of 150,000-pounds per square inch and an ultimate shear strength 
of fs = 90,000-pounds per square inch 


Area of section to be sheared 


A - 


TT X 2 5^ 
4 


4-908 sq. ms. 


Force required for shearmg: 


F = A X fs . . . . 
= 4.908 X 90,000 
= 442,000 lbs. 


CD 


* It has been established by experiments that a bar is completely sheared before 
the blade has passed one-third of the distance through the matenal. There- 
fore, the work done by the shear is done during this period. 




Hg. A, (top). Diagrammatic akotcli ol £romo. Fig. 5, (bottom). Soctton OA. 


Stroke of Ram = 2|4 (determined by preliminary layout of blades 
(See Fig 1). 

By drawmg a circle representing the stroke of the ram, (See Fig. 2), we c 
now determine the time m which the work is done and also the work done. 


Work Done: 

E = FS 

where S is the distance through which the Force F acts in feet. 


E = 


442,000 X 2.5 


30,720 ft.'lbs. 
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Period m which work is done. 


Time of complete stroke 


= = 4 seconds 


4 X 34 

Time in which work is done = ^ — = .378 sec. 

360 

Since we now know the work done and the period during which it is done, 
we can find the power required to be transmitted through the gearing from 
the flywheel to the ram and also the power of the motor required to bring the 
fl 5 rwheel back to full speed before the next power stroke. 


Horsepower transmitted by gears 

p ^ Work Done (ft.dbs. per minut e) 


33,000 

30,720 X 60 


= 148 H.P. 


.378 X 33,000 
Since 30,720 ft.dbs. are transmitted in .378 sec. 


( 3 ) 


30,720 

.378 

30,720 X 60 
.378 


ft.dbs. are transmitted 
ft.dbs. are transmitted 


in 1 sec. 
in 1 min. 


Motor Horsepower: 

Time in which work is done by motor 


HJP. = 


4 X (360 —34) ^ 4 X 326 
360 360 
30,720 X 60 


3.62 X 33,000 


= 15.4 H.P. 


3-62 sec. 


Gearing — The next step is to determine the ratio of gearing assuming a 
flywheel speed of from 400 to 500 revolutions per minute, which is our usual 
practice, and also to determine the si 2 :e and other data of the gears required. 
Thus, if we assume a flywheel speed of 450 revolutions per mmute the total 


reduction of gearing = 


450 

15 


30 to 1. 


We now select a double tram based on experience and decide on a ratio of 
6 to 1 for the mam gears and 5 to 1 for the first motion gears. 

The gears of a heavy-duty bar shear are naturally subjected to an overload 
every revolution and therefore should be made sufficiently large to withstand 
this overload contmuously. This is the case in the mam gears. 

The horsepower formulas now used are based on the British standard specifica- 
tion for machine cut spur wheels. Two formulas are given (1) deals with tooth 
strength in relation to horsepower and (2) deals with tooth wear in relation 
to horsepower. Each gear should be calculated for strength and wear givmg 
four power ratmgs for each pair of gears and the smallest of these is the allowable 
horsepower for tiiat pair of gears. 

The British Standard Specification Formula: 


H.P. for Wear = 
HP. for Strength 


ScXXXZXFXRXN 
K X P X 126,000 
SbXXXYXFXRXN 
P2 X 126,000 


( 4 ) 


( 5 ) 
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Sc Basic surface stress factor (depending on material) 

Sb Basic bending stress factor (depending on material) 

X Speed Factor (Tables) 15 R.P.M. X = .540 

90 R.P.M. X = .425 
450 R.P.M. X = .310 

Y Strength Factor (Tables) 

F Face Width in inches 
R Speed in R.P.M- 
P Diametral Pitch 
N N° of teeth in pinion or gear 
2 2one factor (Tables) 

K Pitch Factor (Tables) 3 DP = 2.4 

2 DP = 1.7 
IHDP =-1.4 

Mam Gears* 

Gear to be cast steel (B,S.S. 24, part 4, spec. No. 10) 

Sc = 1,300 Sb = 18,000 

Pinion — ^Forged steel, per cent nickel, 1 per cent chrome, 

flame hardened. 

Sc = 5,000 Sb = 22,000 

The horsepower to be transmitted is a’ ready known and we assume a pitch 
which IS proportional to the si^e of the machme. This leaves us with one unknown, 
F Transpose the formula and calculate F. 


(Strength) F = 
(Wear) F = 


HP X P2 X 126,000 
SbXXXYXRXN 
HP X K X P2 X 126,000 
ScXXXZXRXN 


HP to be transmitted allowing 25 per cent overload 


H.P. 


148 X 125 
100 


185 H.P. 


Assume 2 D.P. Tooth 20° P A. 
Gear: 


16 teeth Pmion (solid with shaft) 
96 teeth Wheel 


(Strength) F = 
(Wear) F = 


185 X 4 X 126,000 
18,000 X .540 X .660 X 15 X 96 
185 X 1.7 X 2 X 126,000 
1,300 X .540 X 1.7 X 15 X 96'" 


= 10.1 face 
= 46 l'^ face 


It will be seen from the above figures, therefore, that the use of cast steel 
to the above specification is not permissible. The face width of 10.1 inches for 
strength would possibly be reasonable, but the face width of 46.1 inches for 
wear is of course out of the question and it becomes necessary to select some 
more suitable material. 

We now select a forged steel rim of .55 per cent carbon which has an Sb 
value similar to the first material, but an Sc value three or four times as great as 
the cast steel. This is allowing for flame hardening after gear cutting. 

Thus welding once more plays a most important part in the production of 
heavy duty machinery. The boss and H section arms of the gear wheel will be 
of commercial mild steel, while the rim will be of high class steel giving a tooth 
with a tough core of 45'^tons to ^O-tons per square inch tensile strength and a 
hard surface Brinell Number of from 400 to 500. This is of course an ideal com** 
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Fig* 6. Frame of main bearing. 


bination for gear design. The new figures for Sc and Sb are now 4,000 and 22,000 
pounds per square inch respectively. A rough calculation shows that even with 
this steel, and utili 2 ;ing a 2 DP tooth, the face width will still be too high as 
follows: 


46 1 X 1,300 

4,000 


15^ Face 


Therefore it is necessary to utih 2 ;e a 1 34 DP tooth, in which case K will now 
equal 1.4 and P will now equal 1.5. The figures for the revised mam gears are 
as follows 


Revised Main Gears* 
Gear 

(Strength) F = 

(Wear) F = 
Pinion 

(Strength) F == 
(Wear) F = 


185iX 1.5 X 1.3 X 126,000 

22,000 X .540 X .690 X 15 X 96 
185 X 1.4 X 1.5 X 126,000 

4,000 X .540 X 1.7 X 15 X 96 

185 X 1.5 X 1.5 X 126,000 

22.000 X .425 X .66 X 90 X 16 
185 X 1.4 X 1.5 X 126,000 

5.000 X .425 X 1 7 X 90 X 16 


= 9.38" 


Thus, we come to the conclusion of the mam gear requirements which are 
16/96 teeth, 1 34 E)F» 20 degrees pressure angle, and 9 H^inch face. 
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Fig. 7. Sectioa oi ftome I.M. 


We now consider the first motion gears which are to have a ratio of 5 to 1, 
and we assume that the gear ratio will be 18/90 teeth, 3 DP, 20 degrees 
pressure angle 


1st Motion Gears: 

Gear: 55% carbon steel flame hardened 
Sc = 4,000, Sb = 22,000 

Pinion- V/z cent nickel, 1 per cent chrome, flame hardened 
Sc = 5,000; Sb = 22,000 
X = .425 (90 R.P.M.), .310 (450 R.P2^.) 

Z = 2 

Y = .675 for pinion; .705 for wheel 
K = 2.4 
P = 3 

Gear: 


(Strength) F = 
(Wear)F = 


185 X 9 X 126,000 

22,000 X .425 X .705 X 90 X 90 
185 X 2.4 X 3 X 126,000 

4,000 X .425 X 2 X 90 X 90 


Pmion 


(Strength) F = 
(Wear) F = 


185 X 9 X 126,000 

22,000 X .310 X .675 X 18 X 450 
185 X 2.4 X 3 X 126,000 

5,000 X .31 X 2 X 18 X 450 


3 92" 
6.1" 


5.62" 

6.65" 


Therefore the assumption is found to be correct and the first motion gears 
will be 18/90 teeth, 3 DP, 20 degrees pressure angle, ^/I'lnch. face. 
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Fig. 8. Dimension drawing oi shear. 


So much for the gears. We now come to the design of the flywheel. 

The principle of the flywheel is to store energy which is given out with a 
reduction of speed during the actual period of time in which the work is done, 
the usual practice in a machine of this type being to allow a 10/15 per cent 
speed reduction. 

The energy expended by a flywheel while reducing in speed from Vi to Va 
IS as follows: 


W (Vi2 




= ft.dbs. 


64.32 

= Energy expended m ft.-lbs. 

= Initial velocity at mean radius of flywheel rim in ft. per sec. 

Va = Velocity after reduction in speed in ft, per sec. In this case, 
the energy required to be expended by the flywheel = 30,720 ft.dbs, with a 
reduction in speed of 15%* 


where E 
Vi 
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In determining the weight of a flywheel, the weight of the rim only is to be 
considered, the weight of the arms and boss havmg very httle effect. 

We therefore assume a mean diameter which will look proportional to the 
machine and calculate the section of rim required. 

We assume 


Vi 

V2 


D = 36" 


E 

R.P.M. 
2 v R.N. 
12 X 60 
Vi X 85 
100 


= 30,720 ft.'Ibs. 
= 450 

_ 2 xl8 X450 
12 X 60 

= 60.15 ft./sec. 


70.7 ft./sec. 


Vi2 = 4,998.49 
V 22 = 3,618.02 


From (6) 


Vi2 — V 22 = 1,380.47 


30,720 = 
W = 


W X 1,380.47 
64.32 

30,720 X 64.32 
1,380.47 


1,430 lbs. 


Volume of steel required to give desired weight = 

IS weight of 1 cubic inch of steel 
Volume = 5,050 cubic inches 


1,430 

..283 


Area of cross section of rim 


Volume 

Mean Circumference 


where .283 


Area = 


5,050 

36 


44.6 square inches. 


We therefore decide on a flywheel rim section of 7.5" X 6". 

The sire of gears and flywheel having been determined the next stage is to 
make a prelmunary design of the crank shaft to arrive at allowable bearmg preS' 
sures for the various component parts before the frame can be designed with 
any degree of finahty. 

Calculations for Crank Shaft (Refer to Fig. 3)' 


1 375 

Sme e = = .0982 


P = 


14 

ex 5° 38' 

F 442,000 


Cos e 


.9953 


= 444,000 lbs. 


96 

Pitch dia. of mam gear = -j-j = 64" dia. 
444,000 X 1.375 


Tooth Load 


32 


= 19,100 lbs. 


Determme Reactions Ri and R 2 
Takmg moments about Ri, 

(442,000 X 8 375) + (19,100 X 26.25) = Rs X 16.75 
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Fig. 9. General arrangement of shear. 


„ _ 3,705,000 + 510,000 4,215,000 

R, == 16.^5 = 252,000 lbs. 

Ri = 442,000 + 19,100 — 252,000 = 209,100 lbs. 

Shaft for Bending and Torsion at A.A.- 
Bm = 19,100 X 5-25 = 100,300 in lbs. 

Tm = 19,100 X 32 = 611,000 in lbs. 

Te = Bm -f- \/Bm^ 4- Tm^ (Rankine^ 


2p 


= 100,300 + \/100,3002 + 611,0002 

= 719,477 in lbs. 
w d® IT X 8.875® 


16 


16 


= 137.4 


r Te 719,477 , ,, 

= 13 ^ = 

Shaft for Bending and Torsion at B. B.: 

Bending moment = (252,000 X 4.25) — (19,100 X 13-75) 

= 1,072,000 — 262,500 = 809,500 in lbs. 
Tm = 611,000 

Te = 809,500 + \/809,5002 + 611,0002 = 1.828,400 in lbs. 
rr X 9.75® 


Zp 

ft 


16 

1,828,400 

184 


= 184 

9,920 lb. per sq. in. 
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Shaft for Bendmg at C. G. 

Bending moment 

Bm = 209,100 X 4.25 = 888.000 m lbs. 


2 

fc 


= ^ X 9.75^ ^ g, 

32 

888,000 

= — — = 9,640 lb. per sq. in. 


From these calculations, it will be seen that the eccentric shaft must be 
manufactured from a steel which will give an allowable fc of 10,000 pounds per 
square mch with a factor of safety of 8, 3 per cent nickel chrome steel, suitably 
heat treated bemg finally selected. 

Bearmg Pressures — havmg arrived at the required dimensions, etc. of the 
eccentric shaft, the bearmgs and bearmg areas are now considered. The loading 
IS of an internuttent character and therefore comparatively high bearmg pres' 
sures are permissible ranging from 5,000 to 8,000 pounds per square mch on 
the eccentric bearmg and 2,000 to 3,000 pounds per square inch on the mam 
journals. In this case, however, the eccentric beanng pressure is not of an ex- 
cessively high order. 

Eccentric bearmg pressure = 442,000 = 4.620 lb. per sq. m. 

252 000 

while the Journal bearing pressures are subjected to a pressure of 
= 3,040 lb. per sq. in. 

As will be seen from the diagram shown on Fig. 3 we have assumed that 
the side plates will be approximately 10^'mch apart. This space must be suffi- 
ciently wide to (a) accommodate the first motion spur wheel and pinion having 
a face width of 6 J^-inches and (b) to accommodate the pitman and at the same time 
allow a sufficient beanng area on the little end of the pitman to keep the bearing 
pressures within a reasonable figure, and finally a third factor (c) also must be 
taken into consideration, this being the dimensions of the mam crank shaft 
journals, which must be sufficiently long for good engineering practice, this 
point havmg a marked beanng on the design of the steel frame, the calculations 
for which are now taken out in some detail. 


Frame — The general appearance of the machine is already known, both 
by experience and by usual engineering practice for this type of equipment 
and the preliminary design may now be taken out in the light of the data already 
accumulated, the preliminary sketch of the frame being detailed in Figs. 4 and 
5 as follows. 

It will be seen from Fig. 4 that the section O.A. (which is the section at which 
the maximum stress is likely to occur) is subject to three different stresses. 

(1) The direct stress which is uniform over the whole section and is equal 


to 


A 


(2) The bending stress due to F actmg on the moment arm Y + 8.5" 


(3) The bending stress due to F actmg on the moment arm X. Refer to Fig. 5* 
As stated above (1) results in a uniform fti over the whole area (2) will 
create a maximum ft 2 along the face AB and a maximum fc 2 along the face CD 
(3) will create a maximum ftg at B and a maximum {c$ at A. 

By analysis it will be seen that the maximum ft will occur at the point B 
and the maximum fc will occur at the point D. 




Fig. 10, (right). All-steel heavy-duty guillotine shears. Fig. 11, (left). All-steel crankle’ss- 

type forging press. 

Total stresses at various points: 

A. ft = fti + ft2 — fC3 

B. ft = fti -f- ft2 “f* fta 

C. fc = fC 2 ' — (fti 4* fU) 

D. fc == fC 2 + fC 3 fti 

Position of Neutral Axis YY. 

Working from face AB as datum line 

•Y" _ 2 first moments of sectional areas about datum line 
S sectional areas 

S == first moments of sectional areas about datum line, 

= 2X421^X 2 = 170 X 21.25 = 3,615 in.^ 

2 X 6 X 1.5 = 18 X 1.25 = 22.5 in.^ 

lOM X 1.5 = 15-75 X 1.25 = 19-7 in.^ 

lOj^Xl = 10.5 X 41.5 = 435.7 in.^ 

S Sectional Areas 214.25 in.2 2.F.M. Sect. Area = 4,092.9 

Y = 1^ = 191 
214.25 

Neutral Axis X.X will lie in the center of the section. 

Moment of Inertia of Section about YY (by theorem of parallel axis). 

Divide the section O.A. up into a number of smaller sections, a, b, c, d, e. 

I YY of whole section = S {l each section about its own axis + area 
of each section X (moment arm of tiat section about YY)2} 
labc YY = 22.5 X 1.5® + 33 J5 X 17.85® = 11,966.32 ins.^ 

I 2 d YY = -f 170 X 215® == -^6,373-54 ins.^ 
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le YY = + 10.5 X 22.42 = ins.'* 


12 


43,600.73 


Section Modulus Zyy = ~ 1,181 in.® 

Moment of Inertia about XX (by theorem or parallel axis). 

3X6® 


Lc XX = 


12 


+ 18 X 10.252 = 1,944 in.* 


I,d YY = + 170 X 6.252 = 6,691.6 in.* 


IbeXX = 


12 

2.5 X 10.5® 

12 

Section Modulus Z*x = = 670 m.® 


240.7 in.* 
8,876 3 in * 


Direct Tensile Stress 


F 

Area of cross section 


442,000 

214.25 

= 2,062 lb. per sq. m. 

Stress Due to F acting on moment arm Y. 

Bm = 442,000 X (8.5 + 19.1) = 442,000 X 27.6 


. Bm 442,000 X 27.6 
Zyy 2282 

Stress due to F acting on moment arm X. 
Bm = 442,000 X 2 


5,340 lb. per sq. m. 


. Bm 442,000 X 2 

^ ~ Zx. 670 

Total Tensile Stress at B. 

= 2,062 
5,340 
1,320 


1,320 lb. per sq. in. 


8,722 Ib. per sq. in. 

Refer to Fig. 6. 

Shear Stress on Sections XX and Xi Xi 

Area to be sheared = 2 X 13 X 2 = 52 sq. ms. 

2 X 8.5 X 2 = 34 sq. ms. 


86 sq. ms. 

fs = = 2,930 lb. per sq. m. 

00 

There are three mam ways m which the frame could rupture, 

(1) By shear as shown above 

(2) By shearing the 2" plates of the frame itself and the weld ABODE 
of which A to B and C to D is parallel to line of force and BC and 
DE are transverse to the line of force. 

or (3) By bearing stress between the frame and CJ. bearing housing which 
is let into the frame. 
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Fig, 12, All-steel plate-edge planing machine, 

(1) Has already been dealt with above. 

(2) Amount of weld in longitudinal shear 

AtoB==29H" 

C to D = 24" 

Weld in longitudinal shear = 53 
Amount of weld in transverse shear 

BtoG-9" 

DtoE=2M" 

Weld in transverse shear == 11 

Allov^ing transverse weld 30 per cent stronger than longitudinal weld, 
determine the amount of transverse weld which would be required to give 
the same strength as the longitudinal weld. 

53.5 X 100 „ .. 

130 

Equating ultimate strength of the reinforcing plate in shear through section 
XX and Xi Xi against the ultimate strength of the weld, we will determine the 
site of weld required. 

Us X Area of Section = Ultimate shear strength of weld X length of weld. 
44,000 X 2(8 34 + 10 J4) = Uws X 41.2 + 11.25 

_ 44,000 X 38 
41.2 + 11.25 
= 3l»920 lb. per 1" 

Ultimate strength of weld metal using shielded arc = 60,000 lb. per sq. in. 

31 920 5 

Therefore site of weld required — = Say d fillet 

OUjUUO o 

(3) Bearing Stress between C.l. Bearing housing and frame 

_ Load ^ 252,000 
Projected Area 13.5 X4 
= 4,660 lb. per sq. in. 
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Refer to Fig. 7- 
Determine Y. 


Detennme X. 


2 X 27 = 54 X 13 5 = 730 

2 X 16 = 32 X 19 = 608 

2 X 5 = 10 X 5-5 = 55 

1.5 X 30 = 45 X 27.75 = 1,245 


141 in 2 

V _ 2,638 _ 
141 


2,638 in.3 

18.7 


2 X 27 = 54 X 8.75 = 473 

2 X 16 = 32 X 21 25 = 680 

2 X 5 = 10 X 5.25 = 52 5 

1.5 X 30 = 45 X 15 = 675 



From the above it is seen that the line of force almost coincides with the 
axis YY and therefore twistmg is almost elimmated. 

Calculate for pure bendmg due to the force F acting on moment arm 8 
Ixx of whole section 

+ 32 X 32 = 684.5 m.4 

Ibxx = + 45 X 92 = 3,653 in.4 

laxx = + 54 X 5 22 = 4,740 in.^ 

+ 10 X 13 22 = 1,745 in.^ 


10,822 8 in.^ 


Zxx = = 578 in 3 

Bm = 442,000 X 8 5" 
Bm 


= 442,000 X 8.5 = 6,500 lb. per sq. m. 


Before web d (m section) can be relied on for strength as we have done above, 
It must be welded to the upright web in such a way that the ultimate strength 
of the weld equals the ultimate strength of the web so that it will not pull away. 
Length of weld = 12'' 

Area of cross section in tension = 10 sq. ins. 

Ultimate tensile strength of steel — 55,000 lb. per sq. in. 

10 X 55,000 = 12x3 

where x is the required strength of weld per inch. 


10 X 55,000 
12 


45,800 lb. per sq. in. 


X 
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Fig. 13. All-steel heavy-duty punching and shearing machine. 


Allowing ultimate strength of weld metal (Shielded Arc) = 65,000 lb. per sq. in. 

Si2;e of weld required == = .7" 

059OOO 

Allow 7 fillet weld. 

4 

The foregoing notes indicate the procedure adopted by the writers’ 
company in the design of a machine frame. The resultant machine is 
efficient and strictly utilitarian and yet is very pleasing in appearance as is 
illustrated in the attached photograph, (Fig. 15), of the completed machine. 

As pointed out in the introductory remarks to this paper, the writers’ 
company has not placed the question of cost in an all important position, 
and yet as the following figures show, the cost of the above machine frame 
is very attractive in comparison with a similar machine utili2;ing a cast steel 
frame. We specify a cast steel frame in order to give a truer comparison, as 
a cast iron frame for a machine of this type would hardly be suitable owing 
to the great shock loading to which it would be subjected, and in any case 
the weight of such a frame, with the heavy body of metal required to 
withstand the stresses set up, would be excessive and no cheaper than the 
cast steel frame. 

The cost of fabricating the frame of the machine analy5;ed was as 
follows: 

Analysis of Cost Taken from Actual Cost Records Based on Australian 
Prices — Steel used in frame based on average cost of 4-cents per lb. Overhead 
Charges based on 120 per cent on productive labor and 10 per cent on ma- 
terial. Oxygen based on $1.02 per hundred cubic feet. Cast Steel insert used 
in frame charged at 16"cents per lb. 
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Materials Cost 
NOTE: 

The conversion of Australian money into dollars and cents is based on par values 
2 American Cents = 1 Australian Penny 


Gross weight of steel utiliijed m frame, allowing 15 

per cent for scrap = 11298 lbs. @ 4 cents = $451 92 

Plus 10 per cent Overhead Loading 45 19 


497 11 

Less Value of Scrap Recovery 11 86 


Total $ 485 25 

Cost of Electrodes 52 80 

Plus 10 per cent Overhead Loadmg 5 28 


Total 58 08 

Cost of Oxygen 38 40 

Plus 10 per cent Overhead Loading 3 84 


Total 42 24 


C/f 585 57 

Cost of Coal Gas — (negligible, say) 5.00 


Total Material Cost Including Overhead Charges 590 57 

Labor Cost 

Welding Productive Labor $110 26 

Plus Overhead Loading 120 per cent. 132 31 


Total 242 57 

Profile Machine Operating Productive Labor 3124 

Plus Overhead Loading 120 per cent.... 37.49 


Total 68 73 

Marking Off Productive Labor 35 84 

Plus Overhead Loadmg 120 per cent 43 01 


Total 78 85 

Apprentice Labor Productive Labor. 15 00 

Plus Overhead Loading 120 per cent 18 00 33 00 


Total Labor Cost including Overhead Charges—.. 423 15 

Total Material Cost including Overhead Charges 590 57 


$1013 72 

Thus, it will be seen that the total cost for the fabrication of this frame 
works out at 10 9 cents per pound net, and in comparison we give the esti- 
mated cost of a similar cast steel frame based on a very conservative 
estimate. 

The cast steel is taken as costing m Australia 16 cents per pound and 
we have assumed a weight of 9,943 pounds which is the same weight as 
the fabricated frame less the 15 per cent which is allowed for scrap (actually 
the weight would probably be considerably greater than this owing to the 
necessity to consider such casting problems as flow of metal, etc.) 
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Fig. 14, (left). End view of shearing machine shown In Fig. 13. Fig. 15, (right). AU-steel 
heavy-duty open-ended cropping shear. 


This works out at.. $1590.88 

Estimated cost of pattern 380.00 

Total Cost of Cast Steel Unit $1970.88 

Total Cost of Fabricated Unit... 1084.11 

Balance in favor of the Fabrication. — ....... $ 886.77 


This is a very substantial saving representing 44.66 per cent on the cost 
of the cast steel frame, though the pattern cost would of course be liquidated 
in the first machine, and if any subsequent orders are received for a similar 
unit, the saving would not be so substantial but would still represent 31.8 
per cent. 

In conclusion, may we stress again the value of welding as applied to 
machine frames in Australia. SummariZrcd, the advantages are: (1), probable 
cheaper construction; (2), greater reliability; (3), availability, without fear 
of loss through enemy action; (4), increased efficiency due to greater rigidity 
thus leading to reduced operating costs; (5), the clean, modern appearance 
assisting in the making of sales; (6), faster production times; (7), freedom 
from loss through hidden defects; (8), the elimination of pattern cost and 
pattern storage; (9), the greater flexibility of design enabling the manufac- 
turer to produce the exact machine required by the purchaser for his par- 
ticular purpose. 

These nine reasons must surely convince the most skeptical that the weld- 
ing industry has made a very marked contribution to the social structure, 
even in times of peace, and how much more so is this obvious in times of 
war, when maximum production is a sacred duty. 




Chapter II— Bed for Milling Propeller Blades 

By P. W. Martin 

Secretary and Chief Engineer, Smalley General Co., Bay City, Mich. 


Subject Matter: Cost estimate indicates saving by welding of 
15 per cent over cast iron bed. Welding made possible delivery 4 
weeks earlier than previous cast iron beds. Size of bed 16''feet by 
2-feet 4-inches, weight 4,500 pounds, cost $1,640. The bed was 
heat treated before machining and stood up well during han- 
dling. Paper describes in considerable details all steps of manu- 
facture, such as assembling, welding, machining, planing, drilling, 
topping, etc. It was possible to provide larger openings than 
in a cast iron bed and obtain more space inside for motor and 
wiring. 

P. W. Martin 



There has been a great deal of discussion for and against steel beds for 
machine tools. Some claim that the fabricated beds vibrate, causing chatter 
and noise and also that they are not rigid enough to hold their shape and 
spring under the load. Another claim which has been made is that they 
do not retain their shape. This latter point is very important, particularly 
in a precision machine for if distortion occurs through seasoning, it is thrown 
out of line. 

On the other hand many claim that the steel beds are lighter, stronger 
and do not distort through seasoning. It is also claimed that they are amply 
rigid and are not subject to cracking which sometimes occurs in a cast iron 
bed. A cast iron bed will sometimes crack in heat treatment and they have 
been known to crack after they have come from the foundry before heat 
treatment. Internal stresses are sometimes caused by uncovering the castings 
improperly or removing them from the sand too soon. 

Another difficulty encountered in cast iron beds is in obtaining the proper 
mixture. There is a popular demand at the present time for close-grained 
hard iron. This iron takes a higher polish than the old open grain iron 
and the hardness gives it longer wearing qualities. The thickness of a cast- 
ing usually varies considerably in different parts. In many places the wall 
can be much thinner than in other places and these mixtures of hard iron 
are liable to chill and become very hard and brittle at the thinner points 
when the hardness is just about as desired at the heavier points. In a machine 
with moving members the ways are usually heavy, while some of the othei 
parts of the bed can be of much lighter section. The result is, if considerable 
care is not taken, the lighter sections which have some machined surfaces 
are too hard and brittle to be worked. 

Another point about a cast iron bed, which is by no means always present 
is the difficulty of obtaining the desired shape due to intricate coring. In a 
fabricated bed this can usually be obtained much easier and there is nc 
liability of loss as in a casting. Another advantage of a steel bed is that ii 
has greater strength and therefore is not subject to breakage. 
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Fig. 1. Rear view of thread miller with propeller blade in place. 

It is a well known fact that cast iron has a tendency to dampen vibration. 
It also has a tendency to wear better than soft steeliiand has less tendency 
to cut. This being the case it is comparatively easy to provide cast iron ways 
for a bed by bolting them to a steel foundation. This has an added advantage 
over the cast iron bed in the fact that the ways can be renewed when worn 
or badly cut. 

A short time ago we received a contract for several special thread 
millers. These were for the purpose of milling propeller blades, and not 
only did they have to have a large diameter spindle but they had to have ways 
on ‘each side of the main spindle bearing. On one side our milling head 
operated and the other side was used to true up the opposite end of the 
propeller blade so that it would rotate on its true axis. These ways had to 
be in line. 

There are several features of this machine which are quite different 
from our standard machine on which we have been using cast iron beds. 
One of the principal differences was the large diameter hollow spindle. 
After considering the matter from various angles we decided to use a steel 
bed. We could get that quicker, and that was an important element. Also 
we figured that, for the limited number at any rate, we would save expense 
because of the saving in the cost of the pattern, boxes, etc. We therefore 
worked up the design which is shown in the enclosed prints and photo- 
graphs of the finished machine. 

We decided to use half inch plates in the sides of the machine, (See 
Figs. 1, 2 and 3), and as we wanted these to remain at a constant width we 
cast steel bearings for the spindle and used them for separators. The bear 
ings were machined before placing them in the bed leaving ^^e^nch on the 
bore and on the end for finish after welding together. This machine work 
was much easier to perform on the boring mill than after the bearings were 
welded in place. We made a mandril which secured the two castings with 
the proper spacing and prevented their shifting in welding. Wings were 
provided on each casting which, on being finished, made the proper spaces 
for the side plates and also braces for the bed. The castings were then, of 
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course, solidly welded into the structure On the right end of the bee 
the milling head was mounted and therefore this end had to be very rigid 

In thread milling we get severe side thrusts as well as down thrusts and 
also a tendency to vibrate or chatter due to the intermittent action of the 
cutter. We therefore decided to place the iy 2 'inch strips top oi 

both extensions and these would afterwards be planed off and the ways 
bolted to them Between these ways we needed a trough to catch the 
coolant and chips and direct them to a pan down underneath We tnererore 
placed heavy separator plates at IS^mch intervals in the right hand section 
and they extended clear to the bottom in some cases and part way down in 
others. These not only provided a senes of braces but broke the side plates 
up into small square sections thus reducing the liability to vibrate. These 
plates were cut out with a U^shape gap in the center which formed the base 
for the trough and thus they were permitted to run up to the under side oi 
the top plates so they could be welded to them A U^shape plate was then 
placed in the trough but the edge did not come up to the top pkte but left 
a space of approximately between the top plate and the top edge 

of the trough. This was to permit access to the bolts which were used to 
hold the ways in place They will be mentioned later. 

On the bottom of the nght hand end was placed a plate which formed 
a pan into which the coolant was directed and stored Tim rear side plate 
had two arched openings cut in it to give access to the pan for cleaning, and 
the edges of the bottom plate were bent up on an angle of 45 degrees to a 
height of 4 j/ 2 ^inches At the clean^out pomts there were lips placed on the 
outside of the pan so as to enable the helper to place the pan under the lip 
and prevent the oil dripping on the floor Running down from the bottom of 
the trough was a chute. Under this chute and level with the top of the pan 
were placed two angle slides. These carried a pan 4‘'inches deep pan 

was punched full of ^^g^'inch holes to permit the coolant to run out but to 
retain the chips This arrangement permitted the helper to draw the pan 
out and dump it It also prevented the necessity of cleaning out the bottom 
of the pan at frequent intervals The plate under the right hand end of 
the mam bearing went clear to the bottom thus tying the whole bed together 
and forming the end of the pan. 

On the left hand end of the bed we put the same top plates, but as it 
was not necessary to have the same rigidity there, we cut away the back 
plate and thereby provided an openmg into which a 7^2 horsepower four 
speed motor could be inserted. This opening was tied together at the top 
and bottom and a tilting base was placed inside for the support of the motor 
so It could be adjusted to tighten the belt. There was also an opening in the 
front plate to provide accessibility to the screws which operated the tilt of 
the table A shallow trough was placed Between the ways at this end with 
a sump up against the bearing which drained into the pan at the other end 
At the extreme left end a door was provided which gave a small storage 
space for tools. 

Between the two end plates under the beanngs was placed a tilted plate. 
This was welded in tight and a hole placed flush with the plate so that the 
dnp from the bearings would run down into the pan. This prevented the 
oil from getting onto the floor. There were two other openings placed 
beneath this dram plate. One for the reception of the pole changing switch 
and the coolant pump switch inside. The other hole was to enable the 
electricians to wire the motor. Louvre covers were placed over all the open^ 
ings. Around the bottom of the bed were welded steel feet These were 
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Fig. 2. Front view of thread miller. 

provided with holes for anchor bolts and leveling screws. The feet were 
placed below the pan so that in planing we did not have to carry the cut all 
the way across the bottom but simply along the lines of the feet. 

The main spindle was driven by a train of gearing which was mounted 
in a fabricated gear box. This box was placed on the back of the machine 
after assembling. The power shaft came through the end plate of the box so 
that the V-'belt sheave could be placed thereon and be driven by an inclined 
belt from the motor. The gear box was made up of steel because a cast 
iron box would require rather complicated coring. 

In machining this bed we turned it on its side and planed oif the feet. 
We then turned it right side up and planed off the retention for the caps on 
the steel bearings. That gave us a starting point for the distance of 15 inches 
from the center of the bearing to the upper surface of the top plates. These 
were then planed off using a shear tool for the finishing cut. This left a 
smooth surface for scraping. The edge of the opening which had been 
formed by welding in by hinch bars were then planed off as were also 
the strips welded on the back for the reception of the gear box. The bed 
was then sent to the horuontal boring and milling machine to finish the 
extreme right and left hand ends. Extreme care was taken to get the proper 
lineup between the right and left hand ends. The top plates were then 
scraped into surface plates and the top plates drilled with a jig. In planing 
these we cut a Vz^ hyy^'inch. keyway down tbe full length of the top plates. 

The cast iron ways which were iVi-inches thick made of a hard close 
grained iron had been previously planed to sizje and scraped. The bottoms 
of the plates were then drilled with blind holes and tapped. Then we 
placed studs in the ways and a key in the center where there was a keyway 
to match the one in the bed. Next the ways were bolted down. The opening 
which had been left between the top edge of the trough plate and the bottom 
of the top plate permitted the assemblers to reach the nuts that were placed 
on the studs. On applying the face plate to the top of the ways it wai 


Fig. 3. Details, fabricated steel bed. 


-i 


found that there was very little work necessary to true them up In fact 
the time required to scrape and assemble the ways on the bed was not as 
long as that required to scrape in a similar cast iron bed. 

The greatest inaccuracy of such an operation is in the bed itself and 
with a steel bed the distortion due to seasoning was less than the distortion 
in a cast iron bed and the steel bed was softer and could be worked faster. 

It is necessary of course to heat treat both steel and cast iron beds before 
finish machining to relieve the internal stresses which later cause distortion 
if not removed The bed was then taken to the boring mill for the boring 
operation. There the which was left for finish was removed, thereby 

insuring perfect alignment and proper si^e. The ends were also faced. 

In handling the bed for these various operations after scraping there 
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IS a liability that the bed will spring out of line if not suffiaently rigid When 
the bed was brought back to the assembly floor we found that it was abso' 
lutely in line. We had been warned by some that unless we gave it a second 
heat treatment after rough machmmg it would distort and get out of line 
m handling. After puttmg in the bronze bushings we handled it again with 
slmgs and still had no difficulty. 

On completion and test we found that the steel bed functioned perfectly. 
There was absolutely no vibration or noise and on examining the threads 
produced there was no unusual spring. We took exceptionally heavy cuts 
with the form nulling cutter with the same results stated above 

The weight of the steel bed before machining was 4500 pounds It 
was 16'feet 8'inches long and 2'feet 4'inches wide. 

In planning the cutting of the steel the side plates were cut 26'inches 
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wide so that the weld with the bottom plate was on the bottom and did 
not show. In the center at the bearings an extra plate 16^4 "inches wide was 
welded onto the side plate to cover the upper part. This was more economi" 
cal in cutting than it would have been to make it all of one plate 43yi"inches 
wide. The side pls-te was beveled so that we had a good weld after grinding 
smooth. The side plates were rounded at the end corners and the end plates 
welded in between. The heavier cross plates were flame cut and their width 
maintained exactly. W'e had a cutting machine for this work 

The cost of the steel bed was as follows 


Welded bed 4500 lbs. includmg heat treatment $ 893 00 

2 bearing castings bottom half 352 lbs @ 12^ lb 41 64 

Machinmg castings, 20 hrs. @ $2.50 per hour 50 00 

Planing, 60 hrs @ $4.00 per hour. 240 00 

4 Ways 1483 lbs. @ .11 per lb 1^53.13 

Planing ways ready for scraping, 26 hrs @ $4 00 104 00 

Drill and tap ways, 3 hrs. @ $2 00 ^-00 

Scrape bed drill and fit ways, 60 hrs at $2 00 120 00 

Final scrape after attaching ways, 10 hrs @ $2.00 20 00 


$1637 77 

In welding it was possible to keep the bed very straight so we were not 
bothered in machining it. 

This steel bed had several advantages over the cast iron bed First, the 
ways are renewable If in time these machines get badly scored or require 
trumg up, due to wear, new ways can be put on them Or, if this wear 
IS not too much, a ^Q^mch. shim of steel can be placed under them thus 
raising the ways and they can then be planed off to the same height they 
formerly were and be scraped. Furthermore the bed is much stronger than 
the cast iron bed In handling the machine in the plant where they were 
installed, they placed slmgs through the oval holes provided at each end 
and picked up the machine. When the riggers did this they questioned 
whether it would be safe to pick it up by the end in that manner The 
machine was very quickly handled in this way and did not spring Later 
they raised the machine by placing slmgs in the recesses provided for jacks 
and raised it with one hook. They were again skeptical as they had been 
handling some other cast iron beds of equal length and they had to space 
dings very differently. The fact that the beds had not sprung in any way 
was shown by the fact that they leveled up very easily and accurately. 

In contrast with this steel bed we give below a comparison of the cost 
of a cast iron bed with solid ways and one with removable ways The latter, 
of course, is the truest comparison The figures given are obtained by compare 
mg the actual time of machining our standard No. 27MB 1 bed which was 
almost exactly half the sue of the steel bed when considering the ways. I 
thmk these costs are very accurate If anything they are on the favorable 
side for the cast iron bed. 

A cast iron bed similar to the one we formerly used could not have been 
made up as advantageously as the steel one because: 

(a) It would not have been advisable to have such a large opening m the 
side for the motor because of weakening a cast iron structure We had to 
have a large motor, and if placed outside it would have occupied valuable 
floor space, been in the way and would have been unsightly. 
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(b) We could not have obtained the space inside for wiring, etc. and at 
the same time obtained the pan with the same ease 

(c) The cast iron bed with sohd ways is difficult to repair, as mentioned 
above. 

From the above it will be seen that the steel bed possessed many advan^ 
tages which cannot be summed up in dollars and cents 


Cost of cast iron bed with sohd ways 

Pattern $735 00, ^^2 of $ 61.25 

Box $220 00, ^2 of same 18.33 

Casting weight 6550, @ IOV 2 687.75 

Crmdmg surface for pamting, 10 hrs @ $1 75 17 50 

Heat treatment, 01 per lb , wt. 6550 65.50 

Steel pan 160 00 

Legs, mcluding attachment 120 00 

Planing, 123 hrs. @ $4 00 per hr 492 00 

Scrapmg, 108 hrs. @ $2 00 per hr 216.00 


$1838.33 

With a cast iron bed equipped with removable ways tlie price would 


run as follows: 

Pattern $735 total %2 of same. $ 61.25 

Box $220 00 of same - 18.33 

Castmg weight 6550 @ 09^^ (soft iron cheaper) 622.25 

Crinding surface for painting 10 hrs @ 1 75 17.50 

Heat treatment 01 per lb wt. 6550 65.50 

Planing 1 12 hrs @ 4 00 per hr. (soft iron faster) 448 00 

Steel pan 160.00 

Legs and attaching 120.00 

4 cast iron ways 1483 @ .11 per lb 163.13* 

Planing ways ready for scraping 26 hrs. @ 4 00 104.00 

Drill and tap ways 3 hrs. @ 2 00 — . 6.00 

Scrape bed, dnll and fit ways 60 hrs @ 2 00 120.00 

Final scrape after attaching ways 10 hrs @ 2 00 20.00 


$1925.96 

As this casting could be of soft iron I have put the pnce at 09^^ per 
pound and as it would machine more easily I put the planing time at 1 1 hours 
less 

In the case of both the cast iron beds we figured 3^2 of the pattern 
expense and ^2 of the flask expense. There were 12 machines in this lot 
and while it is a special machine now it can easily be standard machine for 
this particular work in the future However some basis for figunng had to 
be adopted and taking 3^2 expense seemed reasonable especially inas" 
much as pattern upkeep would help equalize the charge 

We specified a steel pan in the cast beds because our experience has 
been that often a bed with the pan cast as an integral part proves to be 
defective and leaks and often results in the loss of the castings. 

Cleaning expense was put into the cast iron bed because it is an item 
which often seems higher man I have given it. The steel beds were welded 
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by a contractor and he ground down any welds so that we could apply our 
paint without so much preparation. We could also omit the filler and the 
difference m painting the two machines would be considerable although 
not considered. 

Where similar operations, like bonng out the heads, were of equal 
length we did not consider them. Another thing we omitted mentioning 
was the caps. They would be the same in each case. 

We did not carry out the design of the cast bed to completion because 
we saw we were going to have awkward situations in coring, etc. in order 
to get the clean, smooth outward appearance we desired We have also 
previously mentioned other considerations. The price of the welded steel 
gear case was left out of both beds because we would have followed the same 
construction in either case The conng in a cast case would have been very 
difficult and expensive By making it of steel we obtained a very strong and 
rigid case with bearing supports wherever we wanted them and at the same 
time It was lighter than cast iron 

When the machine was started on its work we took some very heavy 
cuts and crowded the feed, but in the pieces that were of the proper hard- 
ness, there was no chatter. This was true in both form milling and thread 
milling. At no pomt was there any vibration of the sides nor any noise. 
Later we had^ome parts which were extremely hard They Bnnelled nearly 
400. The shank of the propeller blades projected beyond the chuck about 
lO^inches and we got a very bad chatter. However, all the vibration was in 
the piece and the cutter. There was an entire absence of vibration m the 
chuck and the milling head Out at the end of the work the vibration was 
however very noticeable thus showing that it was the work that sprung and 
not the machine. In designing the cutters we specified a iy 2 'incln bore but 
they were made up with a V/^tinch bore The weakness of the arbor was a 
contributing cause to the chatter At no time was there any unusual noise or 
vibration noticeable in other parts of the machine The firm getting the 
machme was very much pleased with it and naturally we were very much 
pleased with its performance The purchaser commented very favorably 
upon the appearance of the machme as a whole. 

To sum up — our experience with the steel bed was most gratifying The 
total weight of the machme was no more than our standard machine which 
has no extension of ways on the back end of the machine It showed a very 
high degree of stability and rigidity. It was very quiet in operation and its 
appearance was all that could be desired. It was clean and suffiaently stream- 
lined to meet the demands of the most critical. As stated earlier in the 
paper, we were very strongly advised by a number of people, including some 
machine tool manufacturers, against going to a steel bed. Some said it would 
be noisy, some that it would spring and chatter and others claimed that it 
would not retain its accuracy, but would distort. None of these prophecies 
came true and we have had the first machine running for several months. 
Another point which we think we have demonstrated is that one heat treat- 
ment after the welding was completed, was sufficient. 

As usual we can see places where we would do differently next time. For 
instance we would make the bearing of bars either bent to shape 

or cut from solid. This would be cheaper, quicker and do just as well. We 
would also cut out two of the 4 x % squares braces or panels in the rear 
end as we arc convmced they are unnecessary. 

The advantages of the steel bed over the cast iron beds can be summed 
up as follows: 
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Steel bed 

Cast Iron Beds 

Solid ways Removable way* 

Cost each hcd 


1838.33 

200.56 

10.91% 

2406.72 

1925.96 

Additional cost over steel bed 

Percentage saved by steel bed 

Saving in H machines 


288.19 

14.97% 

3458.28 




With the steel bed we estimate that we delivered the first machine about 
four weeks sooner than we would have with the cast iron and all succeeding 
machines have come through faster. This saving in time is important in this 
National emergency. Also as stated before our design was much better not 
only in appearance but in arrangement and accessibility. The elimination of 
the risk of losing a casting is also worth considering. 

The bed was assembled and welded by the Valley Welding and Boiler 
Co. of Bay City, Mich., to the design furnished by the Smalley General Co. 




Chapter III — Assembly of Five Separate Machines 
By E. W. Allardt, 

Mechanical Engineer, Bahcoc\ and Wilcox Tube Co., Beaver Falls, Pa. 



Subject Matter: The machine is unique in that it is constructed 
from electric arc welded parts and it also produces an electric 
cally welded product. The mill was built to produce standard 
pipe and tubing in sizes from j/^dneh to 3dnches. The mill first 
forms the strip into a cylindrical tubular shape, then welds the 
edges together, then shapes the tube and cuts it. Welding is 
extensively used in coil box, roll stands, sisjing mill, gear housing 
and drive attachments. The factors which led to decisions to 
build the tube mill completely of arc welded steel were: (a) cost 
saving which included economy of material and economy of 
production; (b) time saving; (c) facility of production; (d) 
durability. 


E. W. Allardt 


This modern and streamlined assembly of five separate machines, (See 
Figs. 1 and 2), performs a sequence of operations on flat-coiled strip steel, as 
follows: 

First, it forms the strip into a cylindrical tubular shape, then welds the edges 
together, then si 2 ;es or shapes the tube, then finally cuts the tube into uniform 
and usuable lengths. The entire assembly should be considered as one ma- 
chine, or at leak as a unit. No one machine can be considered a complete 
unit in itself. 

Such a unit is unique in that it is the first such material-processing assembly 
to be so completely constructed from electric arc welded parts, and further 
so in that it produces an electrically welded product. 

From a total weight of 64,500 pounds for the entire assembly, 40,750 
pounds, or 63*per cent, of this total weight were arc welded parts. The bal- 
ance of the weight was made up of such items as cast housings, shafts, gears, 
bearings, adjusting screws and dials, welding transformer and non-ferrous 
parts for the welder, drive shafts and gearing. 

It was only after careful study and design work, and after trial con- 
struction and experimenting with similar but separate machines, that this 
complete unit was constructed. There was no doubt, however, about the sub- 
stantial savings to be effected by using arc welded type of construction. 

Description — ^The complete electric weld pipe mill shown in illustrations, 
Figs. 1 and 2, was recently completed and contains interesting features and 
developments. This mill was built to produce standard pipe and tubing, in 
si 2 ;es from l/^-inch to 3-inches inclusive, of low carbon pickled strip steel. 

The mill consists of ''A” a coil box, ‘‘B’’ forming mill, ''C” electric seam 
welder, ‘‘D” siring and straightening mill and '‘E” flying cutoff and runout 
table. 

The appearance of the mill is very pleasing with its smooth, flat base sides, 
its rounded corners and with almost a complete absence of projecting screw 
heads. Its appearance is one of ruggedness, of durability and of precise con- 
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straction. Such construction and appearance makes for a desire and ease of 
continued cleanliness and pride of work. 

The coil box ‘"A”, Fig. 1, is long enough to hold two large-diameter coils 
of strip, the first coil paying-off while the second is held in place until the 
first has been run out. Then the second coil is moved into its paying-off 
position making space for another coil, which then can be placed in its sup- 
port while the preceding one is being fed to the forming mill. The side plates 
are adjustable for different widths of strip as required for the different sizes 
of tubing. 

The coil box is constructed entirely of arc welded steel plate, except for 
rolls, bearings and screw parts. 



Fig. 1. 5-Unit meted forming machine. 


The tube forming mill '‘B”, Fig. 1, as well as the sizing and straightening 
mill ‘“‘D”, Fig. 1, are built up of individual tubefforming roll stands, all 
assembled on arc welded bases. Each roll stand is complete in itself with 
tapered, roller bearing mounted, hardened and ground roll shafts, worm gear 
drive, also running on tapered roller bearings, and toggle gear drive between 
lower and upper roll shafts. All the gears run in a bath of oil, in dust and 
oil tight housings. The outboard housings are arranged to slide off the shaft 
ends after the shaft nut has been removed. Keyways are cut in bottom of 
housings and when machine is assembled and properly aligned then keys are 
inserted through keyways, then welded to base top plate. The inner races 
of the roller bearings in these housings serve also as a spacer to clamp the 
forming rolls and spacing collars into place. 

The roll stands are interchangeable and are connected by couplings that 
are easily removable. 

The upper roll shaft adjusting screws are provided with micrometer in- 
dicators to make it possible for the operator to record roll settings for his 
convenience during a future setup of the same set of tube forming rolls. 

The entrance end of the mill is provided with a pair of easily adjusted 
edging rolls to roxind objectionable burrs from the slit edges of the strip and 
to insure that the width of the strip going into the mill and welder is held 
to decimal tolerances. 

In the forming mill the flat strip b progressively formed, while passing 




758 


STUDIES IN ARC WELDING 


through several pairs of forming rolls, into cylindrical tubular shape with 
edges finally butting before passing through the welding operation. 

In the si 2 ;ing and straightening null, the now welded tubing passes through 
rolls and is reduced m size to the final micrometer dimensions and, by means 
of adjustable rolls, is finally straightened to commercial tolerances 

The bases for the forming and sizing mills, as well as the edging roll 
stand, the toggle gear housmgs and drive attachments are all fabricated of 
arc welded steel. The design of the bases presented quite a problem to provide 
a smooth, unbroken extenor surface, and to make provisions for adequate 
water-tight drams for the soluble oil roll lubncant that must be drained to a 
sump for rearculation Several design drawings were made and carefully 
studied and, when the design was approved, a tnal base was constructed and 
subjected to ngidity tests. The base was found to be rigid and free from 
structural weaknesses. 

To provide a smooth unbroken extenor for this base, the foundation bolt- 
ing flanges are welded to the inside of outer walls. And because soluble oil 
must be copiously cascaded over the rolls, while in operation forming the tube, 
a drain is provided all around the finished top plate in the form of an angle 
as shown m enlarged section on nght hand side of sheet. The soluble oil is 
drained into the welded-m sump, shown m center of base, from winch it is 
again pumped over the rolls. The top plate is welded to the angle forming 
the dram and is further supported by partition plates and other stiffeners in 
a strong and rigid manner. The key shown on the top plate serves to align 
the dnve housmgs when assembled on the base 

Water-tightness of the dram troughs and interior sump is very necessary 
for successful, trouble-free and clean operation of this mill. This has not 
been difficult to obtain because the well-trained welders, having been instructed 
from ''Procedure Handbook of Arc Welding Design and Practice’’, are thor- 
oughly competent of such construction. 

A brief study of the construction of this base will disclose a saving in 
weight and efficiency of ^construction, all of which favors arc welded steel 
instead of a cast base; not only because of the greater strength of steel plate 
but also because of the facile use of arc welding design and practice. 

The toggle gear housing was originally made of a steel casting but, because 
of machining difficulties due to core sand and warpage, it was finally made of 
arc welded cold-rolled steel side plates and connecting members, in a jig. 
This construction allowed the elimination of all machining except the drilling 
of holes for gear shafts This reduced the cost to one-third that of a cast part. 

The mam drive of the mill, not shown in photos, is from a high starting 
torque motor equipped with a magnetic brake, through a variable speed drive 
unit having a remote electrical control. This unit is connected to the main 
drive shaft, that connects the formmg and sizing mill, with multiple roller 
chain adequately protected and running in oil A jaw clutch is provided in 
the drive between the mills so either can be run should occasion demand 
The various drive brackets and levers are all of arc welded steel 

Next in line is the seam welder "C” m Figs, 1 and 2. In this unit the base 
and its separate top plate, transformer supports, the cover over all of the 
rotating parts, roll housings, water cooling connections and various brackets 
are all made up of plate, or bars, in suitable arc welded assemblies 

Various parts such as auto-transformer, contactor panel and tap switch 
are mounted in the base. To facilitate assembly, the top plate of the base is 
separate and bolted to the upper reinforced rim of the base. To the underside 
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of this top plate is bolted the transformer assembly elevator screw drive and 
motor, and to the top side is bolted the transformer assembly, weldmg rolls, 
outside bead trimmer and other machine parts 

In this machine the rotating copper alloy electrodes contact the opposite 
sides of the seam to resistively heat the edges to weldmg temperature. The 
weldmg rolls on both sides of the tubmg and below the electrodes exert forging 
pressure to the hot seam and hold it during the almost immediate free^jing of 
the metal. The welder and mill controls, mounted m an arc welded box, are 
withm easy reach of the operator. 

Then last in Ime, ‘‘E’’ m Figs. 1 and 2, is the flying cutoff and its runout 
table with side discharge, practically all constructed of arc welded steel. The 
cutoff machine is a recent development and is entirely automatic m its opcra^ 
tion. The tube passing through the center core of the arc welded steel cutting 
head and onto the arc welded steel runout table, strikes a switch, adjustably 
moimted along the runout table, which causes the carnage holdingdatch to 
be released, allowing the counterweighted carnage assembly to move for^ 
ward with the tubmg. At the instant that the carriage starts its forward 
movement the grippmg chucks, also of welded steel construction, operate to 
hold the tubing ngidly while at the following instant the cutters move m- 
wardly to make the cut 

The hollow arc welded cutting head rotates on tapered roller bearings 
in its arc welded steel housing, and together with the enclosed cutter actuate 
mg mechanism, is oil bath lubricated 

After the cut has been made the cutters retract, at which instant a switch 
IS operated to cause the solenoid air valve to function the air cylinder which 
returns the cutter head carnage and chuck assembly to its latched starting 
position. The cut piece of tubing continues on its way down the live roller 
table until it strikes a switch, which causes the side discharge arms to deposit 
the tube onto a truck. 

Because the large and long stroke air cylinder requires a considerable 
volume of air, an air-storage tank is welded into cutoff base and carefully 
reinforced with weldeddn tie rods, and tested to 1500^pound hydrostatic 
pressure. This tank is shown m Fig. 2 at reducing valve end of base 

In a flying cutoff of this ty^e it is imperative that the weights of all 
moving parts, particularly those that must be quickly accelerated, be made as 
light as possible and yet strong enough to stand the severe service. This 
elimination of weight helps reduce any operating mertia, and provides for 
considerable increase m operating speeds. Arc welded steel construction 
meets this condition very satisfactorily and economically 

The counterweight column and its parts shown at end of cutoff, in Fig. 
2, are also fabricated of arc welded steel. 

Decision Factors — ^The factors which led to decisions to build this tube 
mill so completely of arc welded steel were: 

(1) Cost saving which includes: 

a. Economy of materials 
b Economy of production 

(2) Time saving 

(3) Facility of production 

(4) Durability 

(1) Cost Saving — It was previously mentioned that before this mill was 
constructed careful study was made, and experimental but similar and separate 
machines were constructed to prove the efficacy of such construction. 
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The estimated costs, shown in the following table, can be considered very 
accurate because of the cost data collected from these similar but separate 
machines. Actual cost figures, later computed, substantiated these indicated 
savmgs ^ 

In the possible cost saving study made, comparison with cast bases indicated 
a very large saving, as shown m accompan3nng tables 
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Recapitulation — ^From the foregoing tables, the following significant 


figures are obtained 

Total time for cast bases 1,630 hours 

Total time for arc welded bases 585 hours 

Total time Saved 1,045 hours 

Total weight cast bases 64,300 pounds 

Total weight arc welded bases 32,500 pounds 

Total weight Saved 31,800 pounds 

Total casting costs mcludmg machining $6,765 50 


But deducting for continued pattern use by assuming that three 
castings can be made from patterns before total damage to patterns 
and coreboxes requires additional pattern time equivalent to the 
original tune, then only one-third of pattern building cost should 
be charged to first job This amount is $811 instead of $2,432 


which included time and lumber, a deductible difference of $1,621 00 

which makes — 

Net cast base cost $5,144 50 

Total arc welded base cost 2,024.87 


Total savings $3,119 63 

Percentage time Saved = 64% 

Percentage weight saved = 49 5 % 

Percentage Cost saved = 61% 


The results of this analysis show a total time saving of 1,045 hours, which 
represents a great saving and means economy of production The material 
saving of 31,800 pounds in bases alone represents economy of materials, which 
in such critical times as the present, means conservation at its best. The 
cost saving of $3,11963, in bases for this one mill alone, does not represent 
the total cost saving of all contingent items as shipping cost, handling etc , 
nor does it represent the total saved on the entire mill because many more 
parts on this mill were made of arc welded construction. 


It is interesting to note that the total casting cost including machining, as 

estimated = $0.08 per pound, while thp total estimated cost for 

64,300 lbs. 

$2 024 87 

arc welded bases, also mcludmg machining, is g2 ^ $0*0625 per pound. 


Estimated Total Annual Gross Cost Saving — ^If the above total of cost 
saved for bases alone for this one mill is multipled by seven, which is the 
number of electric weld mills built of this construction in the past year, a total 
savmg of $21,837 40 is obtained 

' The total savmg of time for this number of mills, 7,315 hours, -represents 
an appreciated economy of time released for other vital production 
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Fig. 2. Another view of 5-unit metal forming machine. 


If all other arc welded parts used in this mill are considered, the total 
saving would be approximately $25,000 and 8,000 hours time 

If all other manufacturers making similar mills would use arc welded 
construction as above descnbed, the total saving would be approximately 
$100,000 and 32,000 hours time. When this saving is considered during 
peace times, the effect is gratifying and demands the use of arc weldmg, 
but even more acutely during these times of stress and extreme urgency. 

The factory cost difference between cast bases and welded bases, while 
astonishing in its amount, was not unexpected, because of previous ex- 
periences, Because of the difference in weights, while retaining similar 
strength of structure, economy of material is enjoyed as well as economy 
in final shipping costs And especially, during these times of optimum effort 
for conservation of materials to effect a greater spread of militarily useful 
goods, is this weight and material saving beneficial 

(2) Time Saving— The indicated saving of time, 1045 hours, between 
the two sorts of bases is, in general, indicative of the saving to be enjoyed 
using arc welded structures and parts. Particularly is this so if one considers 
the time saved by not having to wait for delivery of castings such as here 
descnbed, m addition to the direct saving of time between actual pattern 
making time and welding time on similar parts 

The desire on the part of workmen to continue and to demand such time 
saving seems to become inherent m organi 2 ;ations using arc welded parts and 
equipment Workmen become impatient, if once they become accustomed 
to this time economy, when delays are caused by failure to receive cast parts 
when needed. 

(3) Facility of Production — ^The facility of arc welded construction is 
so apparent that it hardly seems necessary to mention it Some of the fore- 
going remarks apply to the faality but probably one other comes to mind 
During the construction of a mill as herein described, minor changes, due 
to errors, may become necessary. These errors are easily corrected with dis- 
patch and usually vathout the time necessary to disassemble, as might be the 
case with cast structures And furthermore, improvements thought of during 
construction and assembly, can and are made without the necessity of pattern 
changes and new castings, simply by fabncation done quickly on the job. 
The importance and value of such facility are quickly accepted by all work- 
men concmicd and seem to engender suggestions for improvements and help 
to speed up the final construction, instead of hindering it 
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(4) Durability — ^The durability of such arc welded- equipment is beyond 
dispute. In older types of similar construction it was not uncommon to have 
a customer report parts, bases, legs, brackets, covers and other parts broken 
in transit or during operation of equipment. Since the adoption of arc welded 
construction, such complaints have entirely disappeared. 

It is necessary in inills of this sort that there be no warpage or deflection 
that would cause rolls and other accessory parts to become misaligned. These 
mills are entirely free from such trouble. Some of these bases have lubricant 
reservoirs welded in, others have soluble oil sumps or tanks welded in as part 
of the structure, others have air tanks, adequately re-enforced, built in as a 
necessity for the successful operation. In all of such instances no trouble or 
leakage has been encountered even though such parts have been subjected to 
long hauls and shipment. 

Many of the bases above mentioned are not normali5;ed, but have peened 
welds for the purpose of counteracting the natural deflections from heat of 
welds. Housings of welded steel where alignment of roller bearing mounted 
shafts and parts are included are usually normalized to insure stability of 
the structure. 

Possible Future Construction — ^Recently, several roller head drive hous- 
ings rather intricate in design and shape, complete with cover and caps, were 
made of arc welded steel for a similar mill because some castings could not 
be obtained in time for scheduled completion. In another instance, such arc 
welded housings were quickly made to replace broken cast housings, not only 
because castings could not be obtained in time to get customer back into 
production quickly, but to furnish stronger parts. And as a result of this 
recent expedient necessity, results indicate that with better facilities for 
duplicative manufacture of component sections, arc welded housings as here 
used could be competitive with these rather intricate castings. 

Conclusion — Only one conclusion is possible. It is imperative that a 
greater use be made of arc welded machine parts and structures. 

The undeniable economics of materials incident to manufacture and 
construction, the great savings in man hours; man hours vitally necessary to 
our production efforts, the facility of production, the utility and durability 
of the finished product; all these are now our goal. 

And under the tempo of present conditions, where there is a sense of 
urgency, of purposefulness, of intense effort and determination to get things 
finished ahead of schedule, all of these vitally important elements are swiftly 
advanced and realized, whenever and wherever arc welded construction is ad- 
vocated and applied. 



Chapter IV — Machine for Production of Domed Silo Roofs 

By Walter Rutten, 

Partner and Factory Superintendent, Railoc Company, Plainfield, Illinois 



Subject Matter: Silo roofs built of plates with slip joints. This 
eliminates to a large extent bolted joints; roof sheet sections are 
shaped to resemble ‘■'’orange'-peels." The machine consists of 
forming heads on a swivel base so that the heads will move back 
and forth, swing to right and left and follow any desired radius. 
Extensive use is made of guide bars, rolls and tacks. Sheets 
come out of main machine cut to shape but flat, are then given 
desired curvature, ribs and interlocking joints. Over a period of 
18 months, more than 110,000 sheets were formed for over 
3,700 roofs. Arc welding-used for joining bars, flats and parts. 


Walter Rutten 


The entering of this subject matter in the James F. Lincoln Arc Welding 
Foundation Progress Program, clearly illustrates how an idea has been 
developed into a practical and profitable machine ‘'via the arc welding route.’’ 

To start out describing this subject, I wish to make it clear that I am 
no engineer, no trained mechanic, no draftsman and no high school graduate, 
therefore, my explanations and descriptions will be in plain everyday 
language. 

I am 3 1 years old, raised on a farm, worked in a silo factory, making and 
building silos for eight years. During 1937, my father and I designed 
and worked out a metal dome silo roof. This was something new and 
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different from any silo roof ever before made, therefore, special equipment 
was required all of which we designed and had made to order. Finally, we 
started manufacturing metal dome silo roofs on a commercial scale. After 
considerable experience with this type, we discovered where substantial 
improvements could be made which is only natural from most any new 
item. During 1939 we conceived the idea of a slipqoint dome roof by which 
we could eliminate nearly all the bolts heretofore used as also greatly reduce 
the overall production cost. 

Our next problem was to get equipment with which to make and form 
this new slipq'oint type roof. The machine finally designed and made, (See 
Fig, 1), is the subject matter of this writing. 



Fig. 2, The dome silo roof. 


This new or improved dome roof is shown in Fig. 2. In Fig. 3 are shown 
a cross-section of a formed roof sheet, (at top), two roof sheet sections 
assembled, (at center), and a drive lug (finishing lug) set in the joint 
between two roof sheets, (at bottom) . After the roof has been erected and 
properly adjusted, those drive lugs are placed and driven in the joints between 
all sheets which ties all sheets rigid. 

It will be understood that the sheets for a dome roof must be cut and 
formed on a radius, sometimes called, ‘"orange-peeP’ shape, (See Fig. 4). 

Forming sheets on a radius is entirely different and requires different 
equipment from that of forming straight sheets. I made up small samples 
formed by band to show the forming required, presented such samples to 
those I enquired of to get a machine made. One representative from a 
company which does a lot of metal forming and which maintains an engi- 
neering and machine designing department, took some samples along. Their 
engineers gave the matter their careful consideration and finally decided 
that it could not be done. They in turn passed the samples on to one of 
the largest roll forming machine manufacturers in the United States. 

Their engineers, after going over the proposition also concluded that it 
could not be done. Others we contacted gave us the same replies, namely, 
that light metal cannot be formed against itself on a radius. 
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Fig. 3. Cross section of fonned roof sheet, (top), 2 roof sheet sections assembled, (center), 
and drive lug sheet in joint between 2 roof sheets, (bottom). 

For a while I gave the matter a lot of thought and study and formed 
several imaginary models and designs in my mind and finally decided to 
try to make a machine myself. I told my father that if he would consent 
to buying the parts needed, including a lathe and an arc welder, I would 
make a machine myself. 

Father replied to me saying, ‘"Son, you are too young and inexperienced 
to tackle anything like that which many trained engineers say is impossible.''' 

My reply was, ""Dad, the idea of this new roof looks so good, it has to 
be worked out some way." 

Dad said, ""O. K. if you are so determined, go ahead. It will, at least, give 
you a lot of valuable experience!" 

I made up a list and ordered a lot of parts, gears, sprockets, drive chain, 
rounds, squares, flats, channels, angles, etc., including a lathe and arc 
welder. First to arrive were the lathe and arc welder, neither of which I 
ever operated before. I started practicing on those mostly after working 
hours, took a few welding lessons, read up on operating a lathe and after 
considerable practice on odd pieces, I felt capable of trying oh the machine. 

For a little over a year, I spent most of my idle time, evenings and some 
Sundays, thinking, studying and working on the machine. The work, 
although tedious at times, was always interesting and very educational In 
June of 1940, the machine was ready and working. 

I will now explain to the best of my ability how the various parts were 
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made and why I was so determined that a machine could be made to do 
this special forming. All forming machines on which we could find literature 
showed the forming heads rigidly mounted in a straight line. On those types 
of machines it would be impossible to form metal on a radius. 

I conceived the idea of mounting the forming heads in a floating position 
on a swivel base so that the heads would move back and forth, also swing 
to right or left following any desired radius. This was done by guiding the 
heads by means of templets in the form of tracks (which will be called 
tracks hereafter). The tracks being shaped to the exact radius and spaced 
to the exact width allow forming the resultant or finished sheets, (See Fig. 5), 
No.’s 72 and 74, (at top), also 73 and 75, (at bottom). 

The tracks are mounted on a movable feed table slightly raised above 
the table. The feed table while traveling forward goes under the heads 
while the tracks being slightly raised pass through head-'guiding rolls which 
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are mounted on the base of the heads, (See No. 138, Fig. 6). The heads 
are mounted on a swivel base, held in a swiveling position by a bolt shown 
as No, 123a in Fig. 6. The heads, while moving forward and back, are held 
in alignment by a guiding bar No. 122, Fig 6, which guides from the base, 
other overhead guiding bars are shown at No.’s 102 and 148 in Fig. 7. 

As the feeding table travels forward, the tracks bemg attached thereto, 
likewise travel forward In doing so, all forming heads move back or 
forward or turn on their base according to the width, shape or radius of the 
tracks, thus, trimming and forming the sheets to that same width, shape 
or radius. One set of tracks is required for each different si£;e roof, each set 
having the proper spacing and radius for its si 2 ;e roof. To change from 
mabng one si^e roof to another, we simply change tracks 

A section of straight tracks is mounted stationary on the forepart of the 
table, (No. 96, Fig. 8), This straight portion of track always brings all 
forming heads back in straight startmg position when feeding taHe is 
Returned to starting point. 

All sheets are previously blanked to proper siije diagonally, (See top, 
Fig 4) Those sheets are fed into the first set of forming rolls, (See No 10, 
Fig, 9), where the first or center nb is formed on the sheets Those first 
forming rolls deposit the sheets on an islanddike table, (No. 90, Fig. 5, top), 
where the sheet is held in position and fed on into the mam forming rolls 
by feed rolls, (No. 442, center in Fig, 5). 

The island is a second table built on top and slightly higher on main 
feeding table The purpose is to raise the sheet up and in direct line with 
the center of the forming rolls, (No 90 m Fig 5). 

As the table moves forward the sheet feeds mto the tnmming and form-' 
ing rolls. The first forming heads on each side are equipped with shttmg 
knives As the sheet moves forward with the table and tracks, the tracks 
move the slitting and forming heads outward in conformity with the width 
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and radius of the tracks, thus trimming and forming the sheet to the exact 
width and radius of the tracks. 

All heads are so mounted and lined up with the tracks that they are 
always all in proper alignment to tnm and form without undue fnction. 
The completely formed sheet comes out of the mam machine flat and from 
here the sheet passes on into and through the final curving heads and rolls 
shown in Fig. 10, also in photo, Fig. 1 Those curvmg rolls are adjustable 
so as to form to any desired curvature and are mounted m a floatmg position, 
guided in or out by the two outside seams of the sheet passing through. 
After a sheet has passed through, springs draw the heads back into startmg 
position 

The blank sheets as shown in Fig 4, make one pass through the machme 
and come out completely trimmed, formed and curved to any predetermined 
si 2 ;e, width, radius and curvature. 

The machine has a normal capacity of six sheets per minute, or one 
complete average size roof in six mmutes Sheets for over 3700 roofs were 
formed on this machine in 18 months, or a total of over 110,000 sheets 

Shortly after the machine was m operation, every one of the firms who 
formerly said it could not be done, sent one and in some cases, two of their 
engineers to see the machm^ in operation All commented on the fine 
forming job being done, all admitted that the floating forming heads guided 
by moving tracks were the secret of the machine 

Now regarding the cost and saving in making this machine by arc 
welding instead of the usual pattern method, I can say that one company’s 
representative said, after mspecting the machine and seeing it in operation, 
“If we were to make a machme like it, we would demand a $10,000 cash-in^ 
advance payment before we would even start.” 

The complication or scope of the machine is clearly evidenced in the 
description and illustration herewith, and the fact that the patent attorneys 
used 62 pages of descriptive matter m the patent application. 



Bg. 6. Detcdls of forming heeds. 




Fig. 8. Section of straight tracks. 
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During the process of making the machine and trying it step by step, 
several changes had to be made, mostly in the form of offsets and extension 
arms on the heads for mounting special forming rolls and plows, (booster 
rolls and guides) all of which, by the use of the arc welder, was done 
comparatively easily, inexpensively and conveniently because m case an offset 
or arm happened to be set at a wrong angle, it was easily removed and 
rewelded in a few minutes’ time, while if all that had to been done by 
patterns and castings, the cost of the patterns and castings alone would have 
been prohibitive especially on a more or less expenmental job. 

It may be well for comparison to mention a few of the welded items 
to show the simplicity in making up some of the parts in question by the 
arc welding method as against patterns and castings. For instance, m making 
the drive sleeves to fit over a square dnve shaft, I took four pieces of cold 
rolled flats, clamped them on a piece of square bar, welded the corners 
along the sides, then turned them around on the lathe. The result was 
strong, uniform, perfect-fitting sleeves 

The forming heads, for instance, had to be compact and strong. I clamped 
pieces of cold rolled flats together, and welded the sides and ground them 
smooth The result was compact, uniform strong heads with a minimum 
amount of work, a little grinding but no milling, no patterns nor castings. 
Similar methods were followed with the universal joints In fact, the entire 
machine from start to finish was made by welding the various parts together. 

While I cannot give an accurate cost figure, I do know that the saving 
by making the machine via the arc welding route as agamst the pattern 
and casting method was a good large amount 

In addition to the saving m making the machine, there is also a very 
substantial saving in production cost m the product made on the machine 



Fig. 9. Sheel passing into first set ol forming rolls. 
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as will be noted by the following figures These figures are based on a 14^ 
foot size roof which is a fair average size, and represents the saving between 
the cost of the roofs we formerly made and the new slip^joint roofs made 
on this new machine 


Savmg in galvanized sheets 90 lbs at .04^ per lb $ 3.60 

Manufacturing labor 5 man hours at 60^ - 3 00 

Cratmg lumber 60 ft at $35 00 per M ft 2.10 

300 bolts at 50^ per 100 1 50 

Outgomg freight on 110 lbs (difference in weight) at an average 

rate of .70^ per 100 lbs 77 

Ercctmg labor 12 man hours at 40^ per hour. 4.80 


$15.77 

This makes a total savmg on each roof of $15 77, or on 3700 roofs, a sav- 
mg of $58,349 most of which has been passed on to customers m reduced 
sellmg prices Then, too, the result is an absolutely water-tight roof 
of great structural strength, very attractive m appearance with increased 
filling or storage capacity, all of which was made possible through use of the 
arc welder. 



ng. 12. From moiii loiming rolls sheet passes Into fined curving rolls. 
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Here follows to the best of my ability the procedures taken m the making 
of the machine Realizing from the start that many forming heads and rolls 
were required, I laid out a frame 42 feet long overall, and designed and 
mounted the forming heads in pairs, each pair on a swivel base plate. 
One head of each pair is connected to a drive shaft, the pair being geared 
together with a drive chain, each pair of forming heads thus working 
as a unit, (See Figs 6 and 8) . Fig 6 shows a top cross section view of a 
pair of forming heads 

The universal jomts were all made by welding the various pieces together 

All drive sleeves to fit over square shafts were likewise made by welding 
several pieces together 

The forming heads are all made by welding several pieces of steel plates 
and flats together. The several pieces were set together and welded into 
heads It was necessary to weld several extensions and offsets for mounting 
special rolls, guides and plows at various angles and positions, (See Fig. 11), 
where six forming rolls are shown mounted on one single head 

In proceeding to make the machine, I mounted the first two pairs of heads, 
one on each side, made the slitting knives and firstfforming rolls and toed 
this first operation, changing the rolls until they functioned properly. I then 
proceeded with the next two pairs of heads m like manner and so on, one 
pair after the other, always trying those previously mounted. 

As the sheet passed through the first three sets of rolls and was taking 
on shape, the succeeding rolls became more dilEcuIt In several instances, 
rolls had to be rebuilt, welded up and turned to different size and shape, also 
adding special rolls, shoes and plows at different angles. 

I will now describe bnefiy the general operation of the various parts 
by again referring to figures, and photos 
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Fig. 14. End view of island on feeding table, (top), and side table return lever, (bottom). 


Fig. 4, (top) , shows sheet cut diagonally ready to go into the* machine. 
The sheets are fed narrow end first into the machine at top. Fig. 9 These 
first rolls form the center rib on the sheet, (See second from top, Fig. 4). As 
the sheet passes through these first rolls, it is deposited on an island^like 
table, (See top, Fig 5), where the hold-down and feeding rolls (No 442) 
feed the sheet on into the main forming machine heads, where the sheet 
passes through 22 forming heads, (See No. 98, Fig. 8) , 

From the mam forming rolls, the sheet passes on into the final curving 
rolls, (See top, Fig. 12, also top, Fig 13). These rolls are adjustable so as 
to curve the sheets to any desired curvature. 

An end view of the island on the feeding table is shown at top, Fig. 14 
with a sheet. No. 10, placed in position under the hold-down and feedmg 
roll No. 442. The island is sufficiently raised above the main table so 
that the sheet is in direct alignment with center of the slittmg and forming 
rolls. 

Feed table return lever is shown at No. 346, bottom, Fig. 14. The clutch 
for same is shown at No. 300. 

The motor power mounting is shown at bottom, Fig. 15 
Fig. 13, center and bottom, shows the driving hook-up, drive shafts, 
sprockets, drive chains, etc. Fig 13, top, shows a side view of the main 
frame. 
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The machine as herein described and illustrated refers to the cutting 
and forming of dome roof sectors. However, the machine is not limited to 
that one particular job. It is adaptable to many other uses such as cutting, 
sawing and/or forming different materials in or to a wide variety of different 
shapes and sizes as for mstance, covering sectors for dirigibles, airplanes or 
the like, or the forming of tubing, straight or tapered It can likewise saw 
or permit mounting other cutting tools for sawmg, cuttmg or slitting leather, 
paper, wall board, lumber or the like, also cutting or sawing them to most 
any reasonable size or shape A heavier^built machine could be used for 
cutting plates for balbshaped tanks or the hke 



Chapter V — Speedy Connector for Welding Cable 


By W. G. Donaldson, 

Foreman of Electrical Department, Standard Oil Co. of Indiana, Sugar Cree\, Missouri 


Subject Matter; Connector requires clean, tight, metahtO'inctal* 
surface contact which is free from oxide. ^ Copper oxide is hard 
to clean off, especially if it is an accumulation of some time. A 
cable connector design which uses flat contact surfaces facilitates 
easy cleaning. It is stated that it should be cleaned and the 
tightness adjusted every month. Over 100 of these connectors 
have been put in service without troubles. They are of arc 
welded construction and the simple design indicates low cost. 


I would like to start by telling why I designed and constructed such a 
connector as I am describing. I am sure it will help me set out certain points 
clearer as I had reason for designing such a connector and knew exactly what 
improvements, over other such connectors I wanted before I decided how such 
a connector could be constructed. 

For more than twenty years I have been servicing electric welding 
machines. From the first they interested me a little more than any other 
type of electrical equipment which was my job to keep in condition. The 
neat way two pieces of metal could be put together fascinated me, enough so 
that I learned to weld and was interested in the strength of the weld. I soon 
learned that two welds looking very much the same could be ‘‘poles apart’', 
one good, the other bad. It came to my observation many times, that a 
man whom I knew to be an excellent welder, (one who knew how to set 
his machine, knew his metal and was good at holding the arc) would some^ 
times make a bad weld on an important job where I knew he had tried his best 
to make a good one. 

In such cases, the welding machine seemed to be working perfectly, but 
on inquiring of the welder as to how the machine had acted, I invariably got 
an answer something like this, “Well, pretty good, but I didn’t seem to be 
able to get her set just right.” 

I did a lot of experimenting, but to cut this short, I learned that one little 
thing neglected, can cause a welding inachine, otherwise in A^l condition, to 
spoil an important job. 

Concentrating on this caused me to watch every case of trouble closely, I 
found that on welding machines which were well cared for, most all such 
trouble came from a thing so simple it was overlooked. It was this. All con^ 
nections are supposed to be metal to metal. Where not soldered, the metals 
were cleaned and bolted tightly together, then passed as OK. No doubt they 
were good connections then, but unless the connection was tinned and sweated 
or sealed, copper oxide or copper sulphide will spoil it sooner or later according 
to surrounding atmospheric conditions. Copper stilphidc is not so bad because 
it shows up in a way which attracts attention and is cleaned, but copper oxide 
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Fig. 1. Development end detail of connecting link. 


does not attract attention and on inspection an oxidi2;ed joint is apt to be felt 
for tightness and passed. 

My experience along this hne convinced me it was nothing short of fooh 
ishness to allow so small a thing the chance to weaken an important job. 
Every connection on every welding machine should be tinned and sweated 
or cleaned regularly. This was a small item m maintenance until it came to 
the cable connections Here all sorts of connectors are used. Terminal lugs 
bolted together plus all kinds of portable or quick connectors. All of 
these were a problem. All manufacturers of quick connectors seemed to go 
on the theory that their connectors were self cleaning. This might be so 
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provided the connectors were taken apart and put together at regular short 
intervals, which is seldom if ever the case. 

Sometimes these connectors are in service at one place for long intervals 
or apart and out of service for some time At such times a coating of copper 
oxide will build up and give a piece of emery-clotli quite a tussle. After a 
time the oxide coating gets so heavy that the connector is hard to put together 
When it gets this bad a welder will seldom go to the trouble to clean it and 
put It all the way together. Instead he will stab it part way together and let it 
go at that Most of these connectors if put all the way together can be 
turned and locked When they are not put all the way together the locking 
device is out, if, for instance, a connector is only part way together, not 
locked, and at the same time in service pulling around 250 amperes. If, at 
such time, someone happens to stumble on the cable and pull the connector 
apart under load, the arc drawn will likely call for a connector repair which 
will render the whole welding unit useless for a time 

A natural thought is why can’t these connectors be cleaned'!^ Practically 
all of them are of the cylindrical male and female type one way or another, 
with contours and recesses which are almost impossible to clean If one takes 
enough time to clean one of them thoroughly he is soon apt to find that he 
has a loose connector 

Another thing against them is they cost too much Every cable connection 
between the welding machine and the electrode holder should be a quick 
connector. They speed up the work and make a stock of welding cable more 
flexible It isn’t hard to show anyone that they will more than pay for them-- 
selves in time saved. Most anyone will agree that it would pay to have all 
cable connectors the quick type, but try to sell him one for every place Gen^ 
erally, he will buy only a small part of what he agrees he should have The 
outlay m dollars and cents is too great 

Knowing all I have said to be true, many years back I started wondering 
if a more serviceable connector couldn’t be made Some of them on the market 
were so perfectly made and pretty to look at (and cost enough to be that way) 
that it looked like all the best ideas had been used up But they all had the 
same faults and I never was able to get it completely oif my mind As I said 
before I knew what I wanted in the way of improvements I wanted a con- 
nector which could be cleaned perfectly in a “jiffy” One m which the 
metal lost by cleaning could be compensated for by a reset I knew you 
couldn’t keep the oxides from forming on open metal and that the only way 
to beat them was to have it so they could be cleaned off easily I knew that 
to have such a connector all contacts would have to be flat as any curvatures 
would be hard to clean, especially on the inner walls I wanted an either end 
job so you couldn’t get your cable laid out, wrong end to And I wanted a 
connector which could be made at small cost, so that anyone needing cable 
connectors wouldn’t be scared off by the price 

It was years before my mind happened to “click” along the right line 
but one day back in the middle of 1940 an idea came to me. I stopped right 
where I was, cut out two pieces of paper exactly alike with my pocketknxfe, 
folded each piece of paper the same way and put them together, I felt cer- 
tain I had found the connecting construction I had been looking for. The 
farther I went with it the better it looked to me and it is this type connecting 
construction plus another piece and an electric weld which helped me out. 

The nearest I had to the metal I wanted for constructing this connector 
was 14-gauge flat copper. I made my connectmg links from this metal After 
I had the connecting links made^ a way of attaching them to the welding 
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cable was my problem Tbe way I finally found to do this was to electric 
weld a center" drawn soldering lug to the end of each of the flat connecting 
links. To do this welding job I used phosphor bronze shielded arc electrodes. 
Our welders had some trouble with this rod as it was new to all of them but 
now they handle it OK, 

The first connector I made of this type didn’t look like much. We spoiled 
several until the welder got the knack of setting his machine, holding proper 
arc, etc The first good one got probably cost (as near as I can recall) 
between seven and ten dollars in time and material. 

I am rigged up at present to make this connector, metal parts only, at a 
cost of not over 66"cents, as follows 


2"Center drawn soldering lugs - ^ot over .31 

Ipc — 4%"* X 2 V 2 " X 14 gauge flat copper 07 

Tin Shop time 

Welding Shop time - - 


Total cost — $ 66 

I have given the quantity production considerable thought While I 
may be o£F a little in my calculations, I will be on the long and not the 
short side. 

The machine equipment needed which would consist of* l"Punch"press, 
xvith fuller and cut"off attachments, 1 "Folding machine, 1 "Small Elec. Emery 
and Wire, Grinding and Buffing wheels, l"Gap Gauge Set, made similar to 
Blacksmith's Vise which is foot operated; 1 "Holding Jig; l"300"ampere arc 
welder. 

Also a stock of material as follows: 

A quantity of flat metal, proper gauge, proper consistency A quantity of 
copper pipe ^"inch outside diameter X ]^''inch inside diameter 

Now take Fig. 1. The drawings are actual size except in thickness The 
thickness shown on drawing is what I figure to use later on for reason given 
later in this paper 

At Number 1 of Fig 1 is shown the exact size and shape of a piece of flat 
metal. Two strokes of a punch"press makes two such pieces and the time 
consumed will not be over 10"seconds Now take these two pieces and turn 
to the wire huffing wheel Buff all edge corners slightly rounding Tune con" 
sumed is not over 20"seconds Now take these two pieces to the folding 
machine. Insert smaller end of the square"like pieces one at a time in the 
holding slot of the folding machine and operate machine twice This opera" 
tion makes the pieces as shown at Numbers 2 and 4 of Fig 1 It does a per" 
feet job and the time spent on both pieces will not exceed 15"seconds. Now 
take these two pieces to the foot"operated set. Slip the gap, shown at Num" 
ber 2 of Fig. 1, over the tongu€"Iike gauge in center of jaws of set and step 
on actuating lever. This make the setting perfect as the backspring of the 
metal is allowed for, and the time spent m this operation will not be over 
lO'seconds. You now have one pair of connecting links complete 

Now take a piece of copper pipe and cut off a piece 3 "inches long Place 
one end of the 3"inch piece of pipe in the holding gauge to one side of the 
fuller tool of the punch"press (This holding gauge holds the piece of pipe 
on center between fuller jaws) Operate punch"press. This makes two center 
drawn soldering lugs in one piece Now place one end of the 3 "inch piece in 
the holding gauge to one side of the cutting tool of punch'press. (This hold" 
iag gauge holds the flat made by the fuller tool at proper angle and on center 
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between cutting jaws). Now operate punch^press The cutting jaws barely 
miss coming together which keeps them from damaging each other. Although 
the 3^inch piece will not be cut cleanly ift half it can be broken in halves 
easily with the hands. The cut on each side is V-shaped which leaves a 
beveled edge on both sides ideal for welding. The operations for making 
these two soldering lugs complete will not take over Ij/^^^tnutes. 

Now take one soldering lug and one connecting link and place them in a 
holding device made to hold both pieces separately in the position shown at 
Number 4 on Fig. 1. With the electric welding machine, run a bead along 
the dotted angle, using the shielded bronze electrode. Turn the piece over 
and run the same kind of bead along the angle on the other side Now take 
it to the emery and buffing wheels for smoothing up the beads. Now take the 
other soldering lug and the other connecting link and do the same to them 
This welding and buffing operation should not take over ^y 2 'tnmxiteB^ which 
makes a total of about 6^minutes of time spent on one connector. 

d^minutes time @ $1.50 per hour.— $ 

Material will cost— not over... 1^ 


$ .29 

At this time I would like to explain the insulating sleeve used with this 
connector and its cost 

Up to now I have made tibia sleeve with two pieces of rubber hose, m the 
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following manner. I took one piece of hose lYz'mches outside diameter x 
I'inch inside diameter x 6]/8‘'inches long, another piece hinch outside diame^ 
ter X 54'hich inside diameter x Q'mchts long. With rubber cement, I ce- 
mented the 23 ^ 6 ^^^^ inside the 6l/^-inch piece, leaving them flush at 
one end, (See Number 6 on Fig. 2). The inner piece of hose allows the in- 
sulating sleeve to go only so far up on the connector and it cannot lose oflF 
when the connector is apart It msulates as well as locks the connector in 
working position. The print only shows one sleeve but there are two at each 
connector, one at each end of each cable length. When the connector is in 
workmg position only one sleeve is used, but when it is apart and out of 
service an insulating sleeve is pulled down over each half of the connector to 
protect it in transit. More cable connectors are damaged when apart, being 
moved around, than when together and working The cost of each insulating 
sleeve is a fraction less than $0 25 making the cost of them to each connector 
amount to $0 50 Later I figure to have these molded from synthetic rubber 
already commonly in use in gasoline filling station hoses This material will 
do the job better all the way round as it withstands oils better and is slightly 
stiffer. I have reason to believe it will cost less than pure rubber but cannot 
say exactly what the cost will be 

The way I construct this connector at present it costs $ 50 for the in- 
sulatmg sleeves and $.66 for the metal parts, or a total of $1 16. 

Its closest competitor sells for $2 80 each, a difference of $1 64 each We 
have at least 150 of my type in service in the plant now and have not used 
any other kind for several months Using these figures we have saved $246 
on purchase pnce. But that isn’t the case because we wouldn’t have bought 
that many of the other type. The real saving comes with the fact that we 
now have a quick connector in every place and the time they save amounts 
to far more than the difference in price of connectors The purchase price 
however is very important as it will have a lot to do with the number of 
quick connectors used I feel certain that my connector can be made on 
quantity production for considerable less than I have tried to picture I know 
It will last longer and give better service than any other type which I have ever 
seen 

I haven’t any way of knowing^ how many such connectors are used over 
the country but I’m sure in my own mind that if I can get this connector 
perfected and on quantity production there will be more such connectors 
used than were ever used before 

Of the 150 connectors we have m service I have not had one trouble 
call on any of them and I know how that compares with what we used to have 
on the other types. 

I aim to have them cleaned and reset every month This service takes about 
two minutes to each connector and leaves it perfectly clean and perfectly reset. 
This service cannot be rendered to any of the other types I have constructed 
a double flat spring arrangement which takes a piece of emery cloth for 
cleaning the gap and shank A set made m parallel plier fashion, with a 
tongue which is the gap gauge, resets the gap with one squee2;e of the handles. 

Although the ones we have in service are performing better than any we 
have ever used, still for the sake of ruggedness I figure to make the connecting 
links two gauges heavier and add enough zinc to the copper to bring the 
proper stiffness. 

I have applied for a patent on this connector, on my own. I first gave it 
to the company for which I work but it being out of their line from a manu- 
facturing standpoint, they released it back to me at my request. 



Chapter VI — Large Water Turbine Installations 

By Herbert Stone, 

Assistant V/or\s Manager, Mar\ham and Co, Ltd,, Chesterfield, England 


Subject Matter: Two water turbines of 30,000 horsepower each, 
were made in 1936 in which the principal nommoving :^rts 
were of either cast steel or riveted steel plate construction. Two 
additional units were built in 1942 which were identical with 
the others, except that all the large steel castings and all the 
riveted work have been abolished in favor of welded methods. 
The saving in cost was 16 per cent. The saving in weight was 20 
per cent or 12'tons of steel for each of the turbines described. An 
important advantage of welding was the marked saving in time of 
manufacture. It is expected that the smoother surfaces will give 
higher efficiency of the turbine. 


This paper concerns the progress made in the application of arc welding 
to the design and. manufacture of large water turbine installations used tor 
the generation of electric power. In it the writer is able to compare the 
methods used in the construction of two examples.^ The first of these being 
two turbines delivered in 1936 in which the principal non^moving 
were of either cast steel or riveted steel plate construction; and the second, 
two additional units for the same destination now being completed, which 
are identical in every respect, except that all the large steel castings and all 
the riveted work have been abolished in favor of welded methods of manu'* 
facture. 



Herbert Stone 
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ng« 2. DetcdU of welded body and throttled TolTe, 1942 imits. 


Throughout this paper the two earlier turbines are described as the 
1936 Units, (See Fig. 1), and the present redesigned turbines are identified 
as the 1942 Units. 

All four turbines were ordered by one of the Dominion Governments 
from Messrs. Boving 6? Co. Ltd., Hydraulic Engineers, of London, and were 
manufactured to their designs by Messrs. Marldiam 6^ Co. Ltd. of Chester" 
field, the two firms having collaborated in this class of work for many years 
The order for the second pair of turbines was placed in 1939, and the 
majority of the drawings of the redesigned* portions were completed m the 
closing months of that year. 

The outbreak of war shortly after this repeat order was placed, gravely 
affected progress, and as direct war requirements had to be given pnonty, 
work on the portions to be described was npt put in hand until 1941, by 
which time completion of the plant had become a matter of urgency. 

General Details Which Apply to All Units — The turbines described 
are of the verticaLshaft Francis reaction type, of conventional design, and 
develop 30,000 brake horsepower at a speed of 214 revolutions per minute 
under a head of 167 feet, and are directly coupled to A.C. generators of 
24,000 kilovoltamperes. As is usual m this type of machine, tibe turbine cas" 
ings arc built into the concrete of the foundation. 
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Each complete turbine consists of: 

(a) , Mam Throttle Valve of butterfly type 

(b) , Adjustable Jomt with Taper Pipe between the penstock and 

the valve 

(c) , Spiral Casmg Diameter at inlet 1 1 ft 

(d) , Stay Ring 

(e) . Covers and gate apparatus 

(f) . Runner and mam shaft 

(g) , Relief Valve and its discharge tube. 

(h) . Governor and auxiliary gear 

The principal items which were redesigned for welding are (a) (b) (c) 
(d) and (g), but this paper is confined mainly to parts (a) and (d), smcc 
with both of these, designers and manufacturers were breaking fresh 
ground 

The writer, by reason of his employment with Messrs Markham 6? Co., 
has had general supervision of the work described, and is responsible for 
the development and application of welding to the company’s products 
generally. 

Comparison of Methods of Construction in Original and Redesigned 
Units. 


Item 

1936 Units 

1942 Units 

Throttle Valve Bodies 

Steel Castings 

Composite construction 
Steel castings and M S. 
plates, welded 

Stay Rings 

Steel Castings 

M S. plates and slabs 
welded 

Spiral Casings 


M S plates 

Riveted (1) 

Welded (2) 

Taper Pipes 

M S plates 

M S plates 

Riveted (1) 

Wclded......(2) 

Relief Valve Discharge Tubes 

M S plates 

M S. plates 

Riveted (1) 

Welded (2) 

Air Vessels and Governor Oil Tanks.., 


M 5 plates 


Riveted 

Welded 


fl) Bolted at works, dismantled for shipment and riveted at site. 

(2) Tackwelded at works, dismantled for shipment and finally welded at site. 

Summarising the above, the 1936 Units incorporated no welded work, 
but in the 1942 Units no rivets were used and the steel castings are reduced 
to 30 per cent of the weight used in the earlier design, and as explained later, 
this figure would, but for wartime conditions, have been reduced to 10 per 
cent 

Reasons for Changes in Design and Construction — ^Whilst the 1936 
turbines have proved perfectly satisfactory in service, and on grounds of 
eflEciency and reliability there was no necessity to make any changes m 
design, much progress has been made m the intervening period by the manu-' 
facturers in the application of electric arc welding, particularly in the 
substitution of welded fabrications for steel castings. They have proved, 
over a period of years, that they can save time, material, and consequently 
money, by the judiaous substitution of fabrications for a large majonty 
of the Items they have been accustomed m the past to purchase from steel 
foundries. Welded parts for water turbines have proved particularly success- 
ful, both during manufacture and afterwards in service. In this instance, 
resulting from experience previously gained, the manufacturers were able 
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to offer prices which made the revised designs more attractive than the 
originals 

Progress in Design and Manufacture — ^That considerable progress m 
the application of arc welding has been made is clear from the comparisons 
drawn at the beginning of the section between the 1936 and 1942 Units. 

This progress shown by each portion of the turbines affected is analyzed 
below 

(1) Throttle Valve Bodies— Experience gained in the intervening years 
with welded valve bodies of diameters up to 5 'feet, encouraged the designers 
to make the change in this case These are the largest fabricated valve 
bodies on which the two firms have collaborated, bodies of this size having 
always previously been made m cast steel 

(2) Stay Rings — ^The stay nngs for these turbines are the first fabricated 
rings which either firm has handled, steel castings always being used 
previously 

(3) Spiral Casings — ^Welded spiral casings of smaller dimensions manu' 
factured recently having proved particularly successful, the designers had 
no qualms about redesigning the present examples These are the largest 
welded casings either firm has handled, all previous casings of these dimen' 
sions having been riveted. 

The designs, methods of construction, weldmg procedure, and compari- 
sons of cost and weight for the principal parts affected are discussed in 
detail below. 

Principal Dimensions, and Comparison between Cast Steel and Fabri- 
cated Designs— It must be understood that the throttle valves described 
are in no way separate items, but are integral parts of the turbine units, and 
are so designed that they may be operated automatically under certain 
conditions 

The throttle valves are of the butterfly type and the principal overall 
dimensions of both cast steel and fabricated designs are identical Both bodies 
are in halves, being split through the vertical center line. 

The following is a comparison of dimensions* 


Diameter of Bore 

Depth of Body 

Thickness Mam Flange. 
Thickness Joint Flanges. 
Thickness of Barrel 


Stiffening Ribs 

Circumferential Stiffeners 



By reference to the drawing. Fig 2, it will be obseiwed that the principal 
difference between the two designs lies in the barrel, which in the cast steel 
version had to be greatly* stiffened to avoid casting difficulties which otherwise 
would have been experienced m an abrupt change of section between the 
flanges and the barrel. In addition, in order to ensure sound metal, the nb 
sections generally were heavier than required by purely mechanical con- 
siderations. 

Neither of these two considerations need be taken into account in a 
fabricated design, consequently an excellent opportxmity is afforded for 
making a reduction in weight without any sacrifice in strength or rigidity. 
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Details of Construction — In considering the best method to adopt for 
constructing the valve bodies, it was decided to make a composite fabrica- 
tion, that is, steel plates and steel castings welded together. The barrel, 
stiffeners, and flanges are designed in mild steel plate with the bosses steel 
castings, as these can be cast cheaper than fabricated, and only simple 
patterns are required. 

Because of war conditions it was not possible readily to procure rolled 
flats of the section necessary for the flanges, the rolling mills being fully 
engaged for long periods ahead on the ■ production of standard sections. It 
was decided therefore, to make the four flanges from a solid cast steel ring 
13-feet, 0-inches outside by 10-feet, 10-inches inside diameters and 16-inches 
wide, the flanges being parted off in the lathe and sawm in halves. 

This, as will be seen later, was an expensive alternative, but the only 
one possible under the conditions. 



Hg. 3. Two halves of welded body for 11-foot diameter throttle valve, 1942 units. 


Manufacturing Procedure — ^The assembly of the half valve bodies was a 
straight-forward operation and calls for little comment. Stays of light joist 
section were welded across the open ends of the barrel plates after these 
had been rolled to the correct radius, in order to prevent alteration of 
dimensions during assembly and welding. The half flanges and the bosses, 
previously machined to within J/^dnch of finished sites, together with ribs 
and stiffeners, were all tack welded into position, and the whole of the 
assembly work completed before any final welding commenced. . 

One run with a j/4-inch diameter electrode was put down at the back of 
the flanges to stop the tendency of these to distort during the welding of the 
inside groove, %0-inch diameter electrodes being used for the weld between 
the barrel plate and the flanges, and fillet welds were built up with l/^'inch. 
and % 6 -inch electrodes for the back of the flanges and all stiffeners. Two 
luns were used round the flanges and bosses, and one run elsewhere. 

Comparison of Weights^ — ^Throughout this paper weights are given in 
terms 5f tons of 2000-pounds. 

Weight of 2 cast steel half bodies before machining ..-..T3.25 tons 

Weight of 2 fabricated half bodies, (See Fig, 3) , unmachined.,......! 1.5 tons 
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a reduction of 1 75-tons per valve body, or 13 per cent as compared with the 
cast design. 

Stay Rings — ^Whether manufactured as a steel casting, (See Fig. 4), 
or a fabncation, (See Fig. 5), the stay rmg is a complicated and costly item. 
It must be of great strength and rigidity since it is the foundation nng 
around which the whole of the turbine is constructed. 

In the present examples the ^principal dimensions are common to both 
designs, the mside diameter being 11 -feet, 3 -inches and the outside 14'feet, 
9-inches, with an overall depth of 6-feet, 0-inches Both rings are made m 
halves. 

Reference to Figs 6 and 7 will illustrate the general design. Fig 7 
showing the difference in section between the cast steel and fabricated 
designs, and it will be noted that whereas the latter is mainly built up of 
iy 4 'inch plate, the corresponding sections of the former are 1%-inch thick 

This design is a good illustration of the possibilities of weight reduction 
without sacrifice of strength or ngidity which may be achieved when rede- 
signmg for weldmg. 

Details of Construction — ^In both designs twelve stays equally pitched, 
connect the upper and lower lips of the ring. These stays, 3y2-inches thick 
in the cast steel design, are reduced to 3 -inches thick in the fabricated nng. 
The lip nngs are cambered at an angle which vanes progressively round the 
circumference to meet the varying diameters of the spiral casing In the 
fabricated design the stays pass through the lip rings for the full depth of 
5"fcet, 11-inches, thereby addmg to the weight, but serving to anchor the 
ring mto the foundations very securely The circular rings which form the 
flanges to which the gate apparatus covers are bolted are welded to vertical 
rings which are slotted to fit over the tops of the stays, and both nngs are 
welded to the stays, and thus it will be appreciated that the design is a 
particularly strong and ngid one. 

The arrangement shown in Fig. 7 for the welding of these vertical rings 
to the joint flanges should be noted Grouting holes are provided between 
each stay m the lower lip ring to facilitate concreting at erection, cover 
plates being provided for these holes which will be welded in and ground 
off flush on completion of erection 

Manufacturing Procedure — ^The manufacture of these rings presented 
some problems, pnncipally because of the changing cambers of the upper 
and lower lip rings to match the variations in diameter of the spiral casing. 
Reference to Fig 6 shows that each lip nng was built up in eight segments, 
which are numbered on the drawing 1 to 8 in the lower ring and la to 8a in 
the upper ring 

The plates forming the rings are V/^Anch thick, and as each pair of 
plates in upper and lower rings are symmetrical they were pressed in pairs 
between vee-shaped blocks in a 150-ton hydraulic flanging press The photO’' 
graph, Fig 8, shows one pair of the blocks with two views of the pressed 
plates. The plate on the nght is marked to show the shape of the segments 
as welded into the rings 

In all, four pairs of these blocks were cast, being moulded in loam from 
skeleton patterns. Three pairs of the blocks were used to produce 28 
segments of upper and lower rings, the fourth pair of blocks being specially 
made for the four plates required to match the casing inlet at the large end of 
the scroll 

After a pair of blocks had been used to press one pair of segments, the 
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Fig. 4. Cast steel stay ring, 1936 units. 

shape was altered by machining out the female block and affixing plate 
packing pieces to the male block in order to press the next pair of segments, 
and in this manner the cost of the blocks was kept at a reasonable level. 
As a result, Block No. 1 was used for plates 1 and la, 2 and 2a, 3 and 3a, 
in Fig. 6, (12 segments), Block No. 2 for plates 4 and 4a, 5 and 5a, (8 seg^ 
ments), and Block No. 3 for plates 6 and 6a, 7 and 7a (8 segments). 

After all the plates had been pressed they were marked out and gas cut 
to the shape required and bevels for welding were planed at either end. 

The stays were pressed to the correct curvature and the necessary radius 
planed on either edge. The steps at each end were then gas cut and machined. 
This will be noted in the sectional view Fig. 7. 

In the meantime the lip plates were assembled on a level table, clamped 
down, and tack welded together as complete rings, omitting the joint 
flanges. Incidentally the good work done at the hydraulic press was here 
revealed since the amount of adjustment of the plates required to keep the 
contours of the rings ’•correct was negligable. 

The tack welding finished, the slots for the stays were marked out and 
gas cut, and at the same time the vertical rings carrying the upper and lower 
flanges were slotted by gas cutting to fit over the tops of the stays. These, 
along with the radial stiffeners at the back of the lip rings were tack welded 
into position on the lip rings before releasing them from the clamped position. 

In view of the high stress transmitted by each of the stays great import^ 
ance was attached to ensuring that the stays themselves were an accurate fit in 
the holes cut for them in the lip rings. For this purpose wooden models of 
the stays were made and the holes in the lip rings daipped to fit them. At the 
same lime the holes were beveled- oh both sides for welding. 
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The procedure adopted for the assembly together of the mg stays, 
was first to level and clamp down the lower lip ring to a table. The stays 
were then inserted into the prepared holes, and these after squaring up and 
checking for pitch were tack welded into the ring. ^ 

The upper lip nng was then lowered into position over the stays 
straining screws attached at intervals round the circumference in order that 
the ring could be pulled steadily and without risk of distortion mto its 
correct position Next, the top and bottom mam flanges, smithed to shape m 
halves and machined to correct outside diameter, were tack welded mto the 


assembly. 

After a final check of dimensions, during which each ring was marked 
out for machmmg, the weldmg was started by welding the upper bevel at 
each of the lip ring joints and the downhand welding of the stays at top 

and bottom. . , , , ^ -j r 

The nng was then turned over and the weldmg on the opposite side ot 

these joints completed, care being taken that full penetration was obtained at 
each joint by exposmg by chipping, the weld metal previously put down. 

On completion of these welds the nng was turned on edge m order 
that the welds on the inside circumference could be completed m a dovm^ 
hand position, the ring being turned as required, and at the same time the 
fillet welds of the external stiffeners were completed. 

The rings were completed by sphttmg into halves and fitting and weld- 


ing the joint flanges , . , „ „ 

Two welders were employed, working diametrically opposite to one 
another in order to ensure even distribution of the heat set up by weldir^, 
and thus reduce the possibility of distortion, and to check this point the 
prmcipal dimensions were tried over daily durmg the progress of the weld- 
ing, but no distortion was observed at any time. 


Comparison of Wrights— Weight of 2 cast steel half stay rmgs, un- 

machmed — — 

2 Fabncated half stay rmgs, unmachmed l?-i tons- 

This gives a reduction m weight of 2 25 tons per stay ring, or 13 per 
cent as compared with the cast design. 


Spiral Casings — ^The general dimensions of both designs are identical, 
the diameter of the casings at the inlet being 1 l-feet, ^-inches, the maximum 
dimensions overall bemg 32-feet, 0-mchcs by 31-feet, 0-inches, and because of 
these sizes both casings were designed to be assembled complete in the shop, 
match marked, and then dismantled for shipment plate small, for final 
nveting or weldmg at site 

The plate thicknesses m both designs are alike, commencing at the inlet 
with 1^8-mch plates, thicknesses bemg reduced gradually as the scroll 
narrows, to %-inch, Vz'^nch and ?4-mch at the small end The rivets in the 
1936 casmgs were l-inch and %'mch diameter, countersunk on the inside 
of the casing, with single nveted arcumferential, and double riveted longitu- 
dinal seams, the connections to the stay rmg bemg tnple nveted at the large 
end, and double nveted at the smaller diameters. 

In the 1942 casmgs, the welded circumferential seams are all smgic 
beveled, on the outside of the upper part of the casmg and on the msidc of 
the lower part, this is done to simplify the weldmg at site, so that the bulk 
of this may be done in the downhand position. 

The amount of staggermg of adjacent longitudinal joints m the riveted 
casing will be noted by reference to Fig. 9. This has been reduced to 6- 
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inclies in the welded job. In the welded design the connection between the 
casing and the stay ring is butt welded as compared with the riveted lap 
jomt of the earlier design 

In each casmg a branch 6-feet m diameter is taken off to the relief 
valve In the nveted casing this was flanged and double riveted to the casing 
through a stiffening ring In the welded design the branch is welded 
directly to the stiffening nng, which in turn is welded to the casing at site. 

The 11 -feet, 0-inches diameter inlet flange is, m each case, of cast steel, 
and provision is made in the casing for a man-hole, bypass branch, and air 
valve and dram branches 

Riveted Casing — ^The principal operation imposed by this design and 
calling for comment, is the large amount of hand dnllmg with pneumatic 
machines which was required during shop assembly. To ensure fair rivet 
holes in the circumferential and longitudinal seams, only the inner plate of 
each lap was marked and drilled m the flat, the outer plate being air drilled 
through this after assembly The holes for the riveted connection between 
the stay nng and the casmg plates were also drilled through both items 
after assembly All this was a rather lengthy and costly operation 

Welded Casing — ^The only changes in shop procedure m the welded 
design are that the air drilling is not required, neither is it necessary to scarf 
one plate edge as in the nveted lap joints. 

Since both specifications call for the casings to be broken down for ship- 
ment, this effected a considerable saving in both time and money 


Comparison of Weights 

Shipping Weight of 2 Riveted Casings 

Weight of plates etc 49 7 tons 

Weight of rivets 4.9 

Total 54 6 tons 54.6 tons 

Estimated Shipping Weight of 2 Welded Casings 

Weight of plates etc 49.7 tons 

Less plate at lap joints 

(estimated at 5-tons per case) — 10 0 

39.7 tons 

Plus allowance for rivet holes not 
required t... 1 7 


Total 41,4 tons 41,4 tons 

Saving in weight 13 2 tons 

The above figures show that the savmg m weight achieved by the sub- 
stitution of welded construction for riveted amounts to 24 per cent 

Relief Valve Discharge Bends — ^As mentioned in Part 5, the spiral casings 
carry a branch pipe of 6-feet internal diameter to which is connected the 
relief valve, (See Fig. 10). As the name implies, the function of this piece 
of apparatus, which is controlled from the turbine governor, is to prevent a 
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dangerous rise in pressure in the penstock and casing should the load sud^ 
dtoly be thrown off the unit. From the bottom of tHs valve a right angle 
bend pipe constructed of mild steel plate conducts the discharging water to 
the tail race. 

Principal Dimensions and Comparison of Designs — The leading dimen- 
sions are: — 

Inside diameter S-feet, 3 -inches. Distances from vertical center line to outlet 
flange, and from hori 2 ;ontal center line to inlet flange are both Sffeet, 2''inches. 
The pipes are constructed throughout in lobster-back form from plate 

with angle flanges of 4-inches x 4-inches x kidnch section. There is nothing 
about the design which is not familiar to fabricating shops accustomed to the 
manufacture of large diameter pipework. 

The bend pipes supplied with the 1936 turbines were of riveted con- 
struction throughout, using %-inch diameter rivets countersunk on the 
inside and single riveted lap joints, and were shipped plate small after 
assembly in the shop. On erection at site and after riveting, the plate edges 
at the lap on the inside of the pipes were fillet welded round in order to 
smooth off the interior surface and to assist in preventing corrosion. 

The pipes for the* 1942 Units are of welded construction throughout, 
all the plate joints being butt welded, with the two angle flanges fillet welded 
at either end. These pipes have been completely erected in the shop, and 
will be shipped plate small for final welding at site, and in this case also site 
welding is probably likely to be more satisfactory than* site riveting. 


Fig. 5. Welded stay daf# 1942 unite. 
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Comparison of Weights 

Shipping Weight of 2 Riveted Pipes 

Weight of Plates etc 9 9 tons 

Weight of Rivets 9 

Total weight 10 8 tons 10.8 tons 

Shipping Weight of 2 Welded Pipes 

Weight of Plates etc 7 2 tons 7.2 tons 


Saving in weight 3 6 tons 

The percentage saving in weight reali 2 ;ed by the substitution of welded 
construction is 33 per cent 

Taper Inlet Pipes and Adjustable Joints — ^These parts are situated between 
the lower end of the penstocks and the throttle valves The diameter at the 
end of the penstock is 12Teet, O-inches, and that at the valve llTeet, ^dnch, 
and this taper pipe connects the two It is 4-feet, y 2 ^inch. long. At the large 
end there is a short adjustable joint and gland, the purpose of this being to 
provide the necessary amount of axial movement to free the valve during 
assembly or overhaul 

In tjfie 1936 Units, the female portion of the adjustable joint was riveted 
to the end of the penstock, and the male portion riveted to the taper pipe, 
which in turn was entirely of riveted construction. 

In the present units, however, no rivets are used, all connections being 
welded Here again the parts are shipped to site plate small after erection 
and marking in the shop. 

It IS not proposed to quote figures of costs for these items, since they 
possess no special features. They are mentioned to emphasise the complete- 
ness of the changes in design and construction throughout the 1942 Units 

Quality Control — ^All the welders employed on the work were fully 
experienced and reliable men. It should be recogni 2 ;ed however that even 
the best of welders cannot produce good work unless the preparatory work 
is of an equivalent standard. Inspection therefore resolves itself under 
three main headings: — 

(a) Inspection of the assembly before welding is commenced 

(b) Inspection of the work whilst welding is in progress 

(c) Inspection of the work after completion of welding. 

Inspection of Assembly — It is no exaggeration to say that the bulk of 
the troubles encountered in welded work may be traced back to faulty 
assembly. Particular importance should be attached to this, and welding, 
apart from the tacking required during the assembly should not be allowed 
to commence until the complete structure has been assembled as far as 
possible, the beveling and fit of the plates inspected, dimensions checked over, 
and the welding sequence studied so as to minimizje the cflFects of contraction. 

Butt Wdds — The importance of maintaining sufficient gap between the 
plates to ensure complete penetration should be stressed, at the same time 
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observing that the gap should not be so great that it cannot be bridged with 
the first run. The need for leaving a gap sometimes complicates the work 
of assembly and there is consequently a strong temptation to butt plates 
closely together. 

The difficulty may be overcome by inserting narrow stnps of sheet steel 
or plate of the required thickness at intervals between the abuttmg plates 
during assembly, and these will also prevent the plate edges from 
drawn together by contraction as the welding proceeds. If it is found that 
these become so tightly gnpped between the plates that they cannot be 
withdrawn, they may be cut off short with a chisel and welded over. 

Too much jackmg or straining to bring plates into Ime with one another 
should not be permitted In large fabrications a certain amount of this may 
be unavoidable, but it should be borne m mind that this practice, if not 
kept stnctly within limits, will set up undesirable residual stresses in the 
finished work. 

Fillet Welds— In fillet welds connecting two plates at right angles a close 
butt is often desirable This is not always easy of attainment, but it should 
nevertheless be insisted upon before welding is allowed to proceed. 

Inspection During Progress of Welding — Even when the operators are 
well known to be skilled at their work this part of the inspection should still 
receive the maximum of attention. 


n 



Hg, 6. Plcm Tiew ol welded stay ring iot 30,000 horsepower water turbines# 1842 units. 
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The faults which may be encountered may be summari 2 ;ed as follows* — 

(1) Excessive undercutting 

(2) Poor penetration 

(3) Slag, dirt, or gas inclusions 

(4) Irregular appearance. 

The first is most frequently to be observed in the vertical member of a 
fillet weld, and in pressure work particularly is a serious fault, since the 
section of the welded parts is reduced locally, leading to a concentration of 
stress, which, if the reduction of area is severe may assume dangerous pro- 
portions. Similarly, in mechanical parts, concentrations of stress at a sharp 
comer provide starting points for fatigue cracks 

This trouble is usually caused by the use of an unsuitable electrode, or 
by incorrect manipulation, or by the use of too high a current, but there 
are many electrodes obtainable at the present time which are specifically 
intended for fillet welding, and good results are readily obtainable, particu" 
larly m D.C work, provided the maker’s recommendations regarding polarity 
and manipulation are observed 

The second fault, poor penetration, is caused by the operator not having 
sufficient control over the molten pool, and provided the electrical connec- 
tions are good, is nearly always the result of low current 

This will be evidenced by "'overlap” of the bead, inadequate root fusion, 
and rough finish The operator’s attention should be drawn to the fact that 
his efforts will be greatly simplified, and will give better results, if the 
amperage is raised to the correct value 

On the other hand too high a current will give a fierce crackling arc, 
the electrode may become red hot, considerable “splatter” of tiny globules of 
metal will be observed round the welded area, and the resulting weld will 
probably prove to be porous 

Given an electrode by a reputable manufacturer the third fault, inclu- 
sions of slag, dirt, or gas, is quite inexcusable and can only be caused by in- 
correct manipulation by the operator or by his failure to clean the work before 
commencing welding and between welding runs. 

It is important that the length of the arc should be kept as short as 
possible without the electrode coating being in contact with the molten pool 
A short arc reduces the possibility of atmospheric contamination, particu^ 
larly when electrodes of the gas shielded type are not employed, and by loca- 
lizing the heat it assists penetration and ensures a neat finish to the work. 

The fourth fault of irregular appearance, refers particularly to fillet welds, 
where it is important that each ‘"leg” of the fillet should be equal. Much 
can be done to ensure this by the use of the correct grade of electrode and 
by positioning the work so that the electrode can always be held m a vertical 
plane. 

The contour of a weld of this type should be slightly convex. If one leg 
is longer than the other the cause may prove either to be incorrect manipu- 
lation of the electrode, failure to position the work, or the use of too high 
a current. 

Inspection after Welding — In any visual inspection of the work after 
welding particular attention should be paid to any corners at which the seam 
changes direction When pressure work is concerned these are the usual 
places at which to expect porosity, for this may be caused by the welder 
finishing one run in the comer and then completing the seam from the other 
direction, both mns meeting in the same corner. The craters left at the ends 
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Fig, 7. Sections oi welded stay ring, 1942 units. 


of the runs usually prove to be porous, and are a familiar source of trouble 
when the completed job is hydraulically tested. 

Where three welds meet at a the forgoing procedure should be 
followed with two of them and the third should start from the joint of the 
"'T'” and work away from it 

Similarly, when welding round the ends of nbs of stiffeners, the opera' 
tor should not be allowed to break the arc at the change of direction. 

Testing — ^The forgoing remarks outline the general principles governing 
the inspection procedure on the parts descnbed in this paper No special 
tests of the welding itself were required, but as a matter of routine each 
welder is supplied with a steel stamp bearing an identification letter with 
which to mark his work, and each welder is required at intervals to complete 
a ‘^nick'break’’’ test piece. 

Although this test does not present any dijficulty to expenenced operators 
it is particularly useful in grading new'comers, provmg as it does, whether 
or not the operator is capable of laymg down a neat run free from inclusions, 
and obtaining adequate penetration and fusion at the root. 

In the case of the Throttle Valve Bodies the quality of the work was 
proved by subj*ecting the finished bodies to a hydraulic test pressure of 130 
pounds per square inch for SO^minutes. Fig. 1 1 shows such a test in progress 
on one of the 1936 cast steel valve bodies. 
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In the case of the stay nngs, it will be appreciated that no such positive 
test IS possible in the shop and for that reason every precaution was taken 
by close inspection during manufacture to ensure that the quality of the 
work was of the highest class, and the writer is confident that the work- 
manship put into these rings would be difficult to improve upon. 

Advantages of Welded Construction — ^The particular goal towards which 
every designer of heavy engineering plant which has to be sold in a competi- 
tive market should strive, is to effect a reduction in weight without sacrificing 
strength and rigidity, and without impairing the efficiency of the finished 
product. A reduction m weight of pnmary materials implies an all around 
reduction m matenal, labor, handling, and transport costs, and is more 
than ever desirable when the completed plant has to be shipped overseas 
In the present examples, the adoption of welded methods of construc- 
tion has contributed to a reduction in weight in an outstanding fashion, as 
will be seen from the figures given below 




1936 Units 
(Cast Steel) 

1942 Unit* 
(Fabricated) 

2 Throttle Valve Bodiea 

2 Stay Rings 

2 Spiral Casings 

2 Discharge Tubes 



34 7 

54 6 

10 8 

23 0 tons 
30 2 

414 

7.2 

Totals 


126 6 Tons 

1018 Toni 


This gives a total reduction m weight for the two 1942 turbines as 24.8 
tons, or 20 per cent of the weight of the 1936 units. This is a factor of great 
sigmficance even in normal times since m addition to the savings in trans- 
port, freightage, and handling costs previously mentioned, it is an economy 
of value to industry m general as it means a saving of the raw matenals which 
are necessary for the production of finished steel 

In time of war the importance of this economy in the use of raw materials 
and finished steel does not need emphashjing, particularly to people m this 
country where the use of steel has been ngidly controlled by the govern- 
ment since the outbreak of war, and where we have seen nation wide drives 
for scrap metals, the wholesale uprooting of iron railings from our streets, 
and the thorough recovery of steelwork durmg the demolition of "‘’bUtted” 
buildings. 

Indeed, it is not too much to say that the redesigning of these turbmes 
was justified if for no other reason than that 2S tons of finished steel, and 
the labor required for its production, was thereby released to assist the 
country's war effort in other directions 

Secondary Advantages — ^Welded construction offers other advantages to 
the manufacturer, the principal one being the saving m time, and general 
quickening of production which it makes possible This is particularly 
marked in cases where welded fabrications are substituted for steel castings 

In the heavy engineering industry the promised delivery date for steel 
castings is the datum from which the machinmg and delivery program 
must be arranged, and adjustments of the program caused by non-delivery 
of castings, or perhaps due to defects discovered during machinmg opera- 
tions, cause much disorgawation and loss of valuable time, and are a source 
of irritation to customers. 

It is not surprising therefore, that the substitution of welded fabrications 
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for steel castings has received a great deal of attention from engineering con' 
cerns who are sufEciently well equipped with the plant necessary for the 
manipulation of plates and sections. Here, using standard material, the 
plating shop program may be correlated with that of the machine shop, 
and delivery dates given to customers with every confidence that, barring 
extraordinary occurrences, they will be maintained. 

In a works manufacturing its own fabrications the extra work involved 
in fabricating and welding will bear its proportion of the overhead expenses, 
and by spreading these over a greater volume of completed work will assist 
in keeping them at a reasonable level. 



Fig. 8. Press tackle used in manufacture of welded slay ring, 1942 units. 


No troubles will be experienced such as those caused by defective cast' 
ings requiring replacement, perhaps after considerable costs have been im 
curred in their machining, and it is not surprising that many firms, including 
the writer s employers, now regularly fabricate many items which in the past 
would automatically have been purchased as steel castings. 

Summari2;ed therefore, the secondary advantages offered are:-— 

(1) Overheard charges spread over a greater volume of work. 

(2) No internal disorgani2;ation caused by delays in deliveries from 
external sources. 

(3) Faulty castings discovered during machining operations may have 
to be rejected, but faulty work in fabrication, if found in time, is more 
readily put right than in a casting. 

(4) In cases where special efForts must be made to meet customers’ de' 
livery requirements, the whole of the work, being confined to one organha' 
tion, may be kept under the supervision of the executives ultimately respon"’ 
sible for ensuring that these requirements are met. 

With regard to repairs by welding, mentioned in (3) above, this kind 
of work has, even in the best cases, the stigma of a patch attaching to it in 
a casting; but this is not so with a fabrication as the repair has been done 
by the original manufacturing process. 

This feeling is in many cases purely psychological, but nevertheless it 
is of importance with most customers. 

Technical and Social Advantages — ^The advantages which may be 
expected to accrue from the general adoption of welded methods of con' 
stmetion to large water turbines of the type described arc discussed under 
the three headings of service life, efficiency, and social advantage. 
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Service Life — ^There is as yet little data available upon wkich to base any 
estimate of increase in service life to be expected from the welded parts 
which have been substituted for the cast steel parts of the 1936 Units, and 
there is no reason to suppose that the change will result m any increase of 
service life, but on the other hand there certainly will be no reduction of it. 

The position of the riveted parts is another matter, since lapped plate 
joints and nvet heads are particularly susceptible to the effects of corrosion, 
and It is reasonable to expect that the smooth finish, both of intenor and 
exterior surfaces of the welded spiral casings, inlet pipes, and discharge tubes 
Will prove more resistant to the effects of corrosion than the riveted designs, 
and consequently the service life of these parts will be prolonged It may 
be noted also that the patching by welding, of worn places due to wear, 
corrosion or cavitation, may be done with somewhat more confidence to 
parts which have been fabricated than to others, particularly to castings. 

Efficiency — ^The modern water turbine is the most mechanically efficient 
prime mover in existence, but it has only attained that position by reason of 
research work and careful attention to detail in design extending over a 
period of many years 

In tendering for work of this description the efficiencies which the de" 
signer expects to achieve have to be guaranteed, and it is usual by the condi- 
ticins of contract, to impose heavy penalties in the form of liquidated damages 
for any failure to attain the guaranteed figures during running tests at site 

Indeed, so much stress is placed on this aspect that it is not at all unlikely 
that in a great many instances the turbmes for major schemes are purchased, 
not on pnce, but on the maker’s guaranteed efficiency figures 

The reason for this is readily appreciated when it is borne in mind that 
in the average hydro-electric scheme the cost of the turbine itself forms a 
very small proportion of the cost of the works, in many cases not exceeding 
5 per cent of the total 

Any increase in turbine efficiency therefore, enables just so much more 
electrical energy to be developed from a given quantity of water, and thus 
the increased earning capacity of the plant will justify the additional cost 
(if any) incurred by the installation of the most efficient turbine that can 
be obtained 

For these reasons in all hydraulic machinery and in water turbine practice 
particularly, the greatest importance is attached to making all surfaces in 
contact with the water smoothly finished and free from irregularities of 
contor, since neglect of these matters will increase the losses due to skin 
friction, and will also cause turbulence in the water passing through, and 
thus will reduce the efficiency of the machine 

The importance of this question of surface finish will be seen when it 
is realized that the loss of 1 cusec of water per 100-feet of head is the equiva- 
lent of a power output, which if sold at only 0 85 cents per kilowatt hours 
would amount to over $500 in a year, so m the turbmes described in this paper, 
operating as they do at 167-feet head, the reduction in earning capacity 
caused by the loss of 1 cusec would amount to $835 per machine per annum 

It appears reasonable from this to expect, all other things being equal, 
some increase in the effiaency of the present units as compared with those 
of 1936, since in the spiral casings the increased smoothness of the interior 
which follows on the adoption of welding, should by comparison with the 
riveted casings reduce the hydraulic losses 

When considenng the throttle valves and stay nngs it will be realized 
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Fig. 9. Shop erection of a spiral casing, 1936 units. 

that the surface finish of the water spaces obtained in the fabricated examples 
by the use of rolled steel, is much superior to that of cast steel. There is 
indeed little coraparison in surface finish between a good mill finish of a 
rolled plate, and the surface left by the sand in even the best of steel castings, 
and from this point of view there can be no doubt which method of con" 

, struction is the more suitable for water turbines. 

The designers naturally base their guaranteed efEciencies on proved 
grounds, prefering for the moment to regard such improvement in effi" 
ciency as may be achieved from fabrication as purely fortuitous. 

Judging from recent experience gained on similar work, there are good 
grounds upon which to base this expectation of improvement. In any case 
the installations at this site will offer an exceptionally excellent example for 
comparative tests. 

Social Advantage — ^The previous sub^section leads to the question of the 
ultimate value to mankind in general of the adoption of welded methods of 
construction to all water turbines, and particularly to those of the reaction 
type. 

There can be little doubt that, in spite of the great hydro-electric projects 
which have been completed in recent years, the world as a whole is still 
far from making the fullest use of the natural resources of water. It has been 
estimated that less than 10 per cent of the available resources of the world 
are at present being utilisjed, and although it must be remembered that some 
of these potential resources are not at the present time capable of economic 
development by reason of the limitations imposed by their geographical 
situation, yet we must not expect these limitations to prove insuperable in 
the future. 

Already the presence of ample supplies of water at the necessary elevation 
has a tremendous influence on the prosperity of mnay countries, and as 
time goes on the maximum development of these resources will become of 
increasing importance. Here nature has provided in perpetuity, a complete 
cycle which will continue long after all the coal and oil in the world has 
been exhausted and as long as the solar cvcie continnps 
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Water when harnessed for power purposes is not consumed, it is rc^ 
generated by the sun by being raised in the form of vapor from sea level to 
mountain tops; but the generation of power by. the consumption of solid 
or liquid fuel means that every pound so burnt is irretrievably lost, a loss 
not only of interest but of capital also. 

Already we have been told that the present generation will see the bc^ 
ginning of the end of the world’s oil resources as we know them at present, 
and although both in the British Isles and the United States the coal reserves 
are ample for many generations to come, yet it is still important that these 
reserves should be husbanded, and that we must look to water power as a 
substitute for coal in increasing measure as coal becomes more difficult to 
win and consequently more expensive. 

How far we have proceeded towards full utilisjation of water power 
resources will be seen from the following figures: 



U.S.A. 

Canada 

Approximate potential water power 

Developed at Jan. 1st, 1941 

48,000,000 H.P. 

18,868,027 H.P. 

43,700,000 H.P. 
8,584,438 H.P. 


This means that approximately 29 per cent of the total water power re- 
sources of the North American continent have as yet been utili 2 ;ed. 

The percentage is only slightly higher in Europe, although there are 



Fig. 10. Relief yalve discharge iiibe^ ossemhltd Inspecticm, 1942 imite. 
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several countries, notably Sweden and Switzerland, whose prosperity depends 
to a large extent on their natural resources in water power. 

The utilization of the water resources in the British Isles has not made 
comparable headway, partly due to the abundance and quality of tne coal 
measures and partly due to geographical limitations, and although several 
interesting power schemes have come mto operation in recent years, there is 
ample scope for considerable expansion. 

It will be seen therefore, that in many directions there is room for 
further development in the apphcation of arc weldmg to the manufacture 
of water turbmes, since in this field it offers opportunities for reduction of 
cosh increase m effiaency. acceleration of manufacture, and economy in the 
use of matenals, advantages of importance not only to manufacture, but to 
progress generally, and the social life of mankind, of which manufacture 
is the humble servant. 


Conclusion, Weldmg in War and Afteiv-Just as the World War of 1914' 
1918 gave a tremendous impetus to the design and manufacture or aircmit 
and motor vehicles, and added greatly to knowledge of wireless telegraphy, 
and brought changes in its tram which have revolutionized the daily lire 
and social outlook of milhons, so we must look for similar vast changes ans' 

ing as a result of the present conflict i * 

What will be the form these changes will take is still obscure, but it is 
clear that the engineering mdustry must be prepared to meet hea^ demands 
in the vast reconstruction programs which must be put in hand when the 


Just as engineenng production will ultimately be the deciding factor m 
war so increased productivity at lower costs will be essential for the rapid 
recuperation after the war of a world impoverished by the struggle, and the 
obvious way to increase production is the more vigorous organization and 
fuller use of the facilities already to hand 

The application of arc welding for example, has been greatly stimulated 
by the mtensive production efforts which the war has enforced Drawmgs 
of components involvmg the use of rivets, drop forgings, and steel castings, 
hitherto regarded as sacroscant, have hurriedly been withdrawn, and replaced 
by simplified welded alternatives 

One such component, for a gim mounting, which will serve as an example, 
involved as originally issued the use of 4 drop stampings, 2 pktes, 3 steel 
pressings, 38 tubular distance pieces, 37 nvets, and 4 bolts and nuts, reap- 
peared, looking it is true somewhat shorn but no less efficient for its purpose, 
and fabneated by welding from exactly seven pieces of plate. This is only one 


example out of many. 

That a world war should have been necessary to bring about common' 
sense changes of this description is a saddenmg reflection, and the mference 
is that many designers have not made themselves sufficiently acquainted 
with the progress which has m recent years been made in the application of 
arc welding methods, and that only the inexorable demands of war produc' 
tion have been able to break down the barriers of convervatism which have 
hampered the development of a manufactunng process which is steadily 
revolutionizing the engineering industry. 

It should be understood that the water is not one of those persons who 
would weld anything and everything, on the contrary it is his opinion that 
in the past more harm than good has been done by over' enthusiasm in the 
application of arc welding. There is however a tendency tyith any new 



SECTION IX— MACHINERY 


803 



Fig. 11. Cast steel throttle valves^ 1936 iinita. 

teclinique to apply it in cases where its use is not economically justifiable or 
its particular advantages entirely applicable, or it might be, more correct to 
say, in some cases, without having first acquired a sufScient control over the 
quality of the product. 

When normal conditions return, the steel foundries will not be doomed 
to extinction, the humble rivet will still continue to play its useful part in 
production, and there will be room for all methods of production to have 
full scope, but it is in the field of design that the flexibility and economy 
which arc welding makes possible will have to be more fully r€ali 2 ;ed and in 
this direction there is room for much educational work amongst Drawing 
Office staffs. 

In this connection it may be significant to note that the first booklet to be 
issued by an Advisory Service in Welding, which has been set up by the 
British Government, is’ intend primarily for the use of Drawing Offices and 
deals with arc welding methods and the use of symbols on drawings. 

Thus it is clear that the necessity for training draftsmen to think in 
terms of fabrication by welding, is becoming increasingly recDgni2;ed, as it is 
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acknowledged that the successful application of welded methods is chiefly 
a matter of design* and that this presents unlimited opportunitip for original 
thought, whilst the prospect of any revolutionary changes in the design 
of cast or riveted parts is remote. 

There is probably no field of design in which these opportunities are 
greater than in structural steehwork where owing to the standardization of 
sections and details, new developments have been rare, and it is here that we 
shall probably see the greatest progress after the war. 

Welding has given a new freedom to structural design, and no other 
method of construction presents such extensive possibilities of material 
economy, though it is difficult for draftsmen educated and trained in 
riveted design to avoid improvising on existing riveted details, and many have 
still to be convinced that the design of a structure in which welding is merely 
substituted for riveting as a means of connecting the various members is 
entirely wrong and has little to recommend it technically, economically, or 
artistically. 

The golden n^le in a welded design for either structural or mechanical 
purposes, is that welding must not be done for the sake of welding. If it is 
possible conveniently to bend or fold the material, and so dispense with a 
welded joint, so much the better, for this is the direct way to a cheaper and 
neater finished article. 

The examples given in this paper will be recognized as forming part 
of an engineering project of major importance. The fact that such extensive 
redesigning was possible after an interval of only three years is a direct 
measure of the designer's adaptability and the progress made by the manu- 
facturers in the application of arc welding methods. There can be no doubt 
that, with the return of peace and the resumption of normal trading condi- 
tions, the experience gained as a result of this work will be of considerable 
value to both firms concerned, and it is the author’s hope that perusal of 
the results achieved may encourage others to investigate, more fully than in 
the past, the possibilities of arc welding in the design and manufacture of 
their products. 

The author desires to acknowledge the courtesy of O. Thott Esq., Man- 
aging Director of Messrs. Boving & Co. Ltd. London, in permitting the use, 
for the purposes of this paper, of the examples given. 

He also wishes to express thanks to Messrs. R. J. Barclay, and F. Williams, 
respectively Managing Director and Works Director of Messrs. Markham S’ 
Co. Ltd. Chesterfield, for helpful criticism and permission to incorporate the 
photographs. 



Chapter VII — Welding of Finished-Machined Casting 




By Carlton G. Lutts and Paul Ffield, 

Materials Engineer, T^avy Yard, Boston, Mass., and Materials Engineer, Bethlehem 
Steel Co., Quincy, Mass., respectively 

Subject Matter: Repair welds on castings 
used to be considered unsatisfactory, but 
improvement in welding technique, par'- 
ticularly in the use of coated electrodes 
and the development of speciali2:ed meth^ 
ods of making heavy welds have dissipated 
former anxieties. This has led to the 
building of turbine casings from three 
separate castings, welded into a single unit 
— a procedure which results in lowered 
costs and a superior product. Discussion 
of the problems of shrinkage and distort 
tion and their solution follows, together 
with an analysis of the metallurgical as- 
Cai-lton G. Lutts pects of appropriate heat treatment, in- Paul Ffield 

eluding scaling losses. Examples of repair 
welding are given. 


A few years hack every repair w^eld on a casting placed a stigma on that 
casting and left the impression that an inferior article was being substituted. 
This condition was still further aggravated because marine engineers were 
progressing towards higher temperatures and pressures and consequently had 
to demand greater integrity from the component parts making up turbines 
and other high pressure steam units. Welding had not really come into its 
own and was usually considered by engineers to constitute a discontinuity in 
the piece welded very much as though the deposited material were merely 
a plug. Admittedly, many of the welds made in castings at that time were 
not a credit to the welding art and there are reputedly cases on record of 
welds ‘Tailing out of the casting'h 

Several changes were brought about which materially altered the welding 
of castings. Coated electrodes were developed, and speciaKsjed techniques 
of welding heavy castings were introduced. It was soon realx2;ed that to weld 
a heavy casting, while it was cold, irrespective of its analysis, was inviting 
trouble. Cracks and spalling were likely to occur even though the same steel 
in lighter sections was considered readily weldable. The importance of pre^ 
heating and stress relieving and the judicious processing of the deposition of 
weld metal was becoming more thoroughly -understood. The inevitable 
result of all these developments was the production of sound welds, superior 
to the casting which was being welded. 

The developments in welding altered the light in which welding was 
regarded by marine engineers. It was realisjed that a sound structure con^ 
sisting of a welded casting was preferable to an unwelded casting which 
might contain hidden defects. The Navy Department brought the question 
of sound cast structures to a point much nearer reality when they pioneered 
Ae use of radium for inspection of castings. The outstanding work of 
Briggs and Ge 2 ;elius is too well known to require any further comment. 
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The Bureau of Engineering assumed leadership with the foundries and 
shipbuilders in a concerted drive to produce better cast structures. Within 
liberal limits the Bureau of Engineering would permit the welding of many 
castings provided the repair was subsequently stress relieved and radio- 
graphed. The rejections of castings becarne fewer and fewer and vnthout 
a doubt sounder castings were being obtained. Outright rejection of high 
pressure castings at Fore River has amounted to less than 4 per cent in ^e 
last two years. It is believed that this experience is typical of other building 

^^^The liberal attitude of the Bureau of Engineering towards welding soon 
produced such developments as cast structures especially designed for weld- 
ing At Fore River, were developed such castings as the high pressure tur- 
bine casing shown in Fig. 1. This casting is built up of three separate castings 
welded into a single unit. The advantages for such a structure are numerous. 
However, the most desirable feature of this type of design is that it enables 
the foundryman to position each section in the most advantageous manner for 
making the casting. Sounder castings must result from such technique. It 
might be noted in passing, that the reduced price obtained from the foundry, 
because the casting was subdivided, slightly more than offset the cost of 
welding. 



Fig. 1. Turbine casing composed, of 3 coBtings welded together. 


The welding of such structures as the built-^up turbine casings afforded 
the Bethlehem Steel Company considerable welding experience and necessi" 
tated a certain amount of research concerning control and prediction of weld' 
ing shrinkage. This experience seems to indicate that welding must cause 
distortion ; that this distortion can be controlled and even offset, and finally 
that we have no cases on record of stress relieving causing distortion provided 
the work is reasonably supported and properly heated. This information 
has since formed the basis for still further developments in the welding of 
castings. 

Even in the best regulated shops a defect will sometimes be revealed when 
the final machine cut is being taken on a casting. In the authors’ opinion 
rarely are halfway measures applicable to such a condition. The defect must 
be excavated, repaired by welding, and the whole casting re^stress relieved. 
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Fig. 2. Steam inlet and turbine casing after partial removal of defects. 


Halfway measures such as seal welding the defect are ha^^ardous. Further- 
more, we now have strong indications that at the present operating tempera- 
tures the buried defect may creep through the seal weld, producing a leak. 
Repair by seal welding is then out of the question. 

When such a condition arises the engineer must first determine whether 
the defect is serious. This can usually be determined only by radiography. 
It might be well to point out here that the Navy's radiographic standards 
should not be considered as the sole means for judging the seriousness of 
such a defect. These standards were developed primarily as a general guide 
and some of the acceptable conditions ‘'"no repairs required" may not be 
acceptable if in a location of maximum temperature and pressure or at 
points of stress concentration. 

Before citing several examples of finished castings which have been re- 
paired, it might be well to clear up some of the controversial points concern- 
ing the hazards of such a process. Distortion of repair^welded castings is 
the result of movement caused by stresses which have been introduced dur- 
ing the course of the repair. The two sources of stress are shrinkage of the 
filler metal, and differential expansion arising from temperature gradients set 
up during the various phases of the welding process. Stresses originating 
from shrinkage of the weld metal are negligible in comparison to the stresses 
resulting from temperature differential. The magnitude and ultimate effect 
of thermal stresses are dependent principally upon such factors as preheat- 
ing, quantity and rate of deposition pf weld metal, location of the weld with 
respect to the casting, and method of subsequent stress relief. 

Simple calculations show that the intensity of thermal stresses per degree 
of temperature difference is equal to (modulus of elasticity) X (coefficient of 
thermal expansion). On this basis, for C-Mo steel the stress intensity per 
degree F of temperature differential (at 400 degrees == (30 X 10®) (7.9 X 
lO-O) = 237 pounds per square inch. Thus, with a temperature differential 
of 150 degrees F., a stress of 35,000 pounds per square inch is raised, a value 
approaching the yield point of the material. Since the welding procedure in- 
volves the application of heat, it is necessary to consider each step in this 
welding in relation to establishment of temperature gradients. 

The principal metallurgical reason for preheating a casting prior to weld- 
ing is to prevent hardening and embrittlement of the weld area. But preheat- 
ing serves not only to prevent embrittlement, but also to minimise the sharp 
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temperature differential immediately established by deposition of liquid 
metal. The minimum preheating temperature depends upon the composition 
of the material and the amount of metal to be deposited. With C-Mo steel 
a minimum temperature of 400 degrees F. is used even when small amounts 
of repair are to be made. When large amounts of metal are to be deposited, 
a higher preheating temperature is used in order to allow for heat lost by 
radiation. 

Dxiring welding, the weld 2 ;one acquires a temperature far in excess of 
the casting itself, and thus the thermal expansion of this zon^ varies from 
points removed from the 2 ;one. On cooling, the weld 2;one cools at a faster 
rate and has a greater temperature range through which it must cool. All 
points do not cool through the same temperature range at the same time. It 
is through this variation in thermal expansion and contraction that internal 
stresses of high magnitude are set up. When they exceed the yield point, 
the material upsets upon itself, which leads to distortion if movement is un^ 
restricted. The intensity of stress is especially high if variation in section 
exists in this area. 

Location of the weld is also a factor in determining ultimate distortion. 
In a 2 ;one where movements become entirely locali 2 ;ed, total distortion will be 
small. But if the zone is located in a position where small local movements 
become magnified into larger movements at a remote point by mechanical 
action, then the total distortion will be appreciable. 

Although the process of stress establishment is inherent in the welding 
process, certain measures can be taken to minimi2;e its magnitude and effect. 
Among these are control of welding rate, and judicious peening. Since distort 
tion results directly from upsetting of the metal adjacent the welding ^one, 
peening of each bead and the immediate surrounding area counteracts this 
upsetting. In addition, the weld area can be peened sufficiently to upset the 
metal in the opposite direction by an amount equivalent to the greater con- 
traction which this area would normally undergo on cooling. Some care 
must be exercised in peening, however, since the casting has locked-up 
stresses which might easily lead to cracking. As will be explained later, 
peening may also be used in certain instances to correct distortion in required 
castings. 

Another factor creating thermal stresses is quantity and rate of welding. 



Flcf. 3. Bepcdr-welded turbine casing ccifer str€^ss reUeTlirg* 
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Fig. 4. Rough-bored casing offer removal of defects. 


Ideally, a minimum of distortion would result if the entire volume of weld 
metal could be deposited at once, or conversely, if the filler metal could be 
deposited in infinitesimally small amounts. Deposition of the entire quantity 
at once would create an appreciable thremal stress, but the condition of 
stress would last for only a comparatively short time. By depositing a very 
small quantity of metal at a time, the temperature gradient is held to a 
minimum. It is by the use of intermediate welding rates that maximum 
distortion results, because a sizable thermal stress is established and allowed 
to act for a period of time, thus causing movement and distortion in a manner 
similar to creep. In practice, the nearest approach to ideal conditions is ob-- 
tained by employing a very small rate of feed. For example, less distortion 
is encountered by using a j/gdneh wire, than with % 2 dnch or larger. By a 
combination of this lower welding rate and judicious peening, distortion can 
be held to a minimum. 

Stresses locked up during welding are mostly dissipated during the 
stress-'relieving operation. At a temperature of 1100 degreesd200 degrees F. 
atomic readjustment and resultant neutralization of stresses occurs without 
distortion when certain precautions are observed. The principal precautions 
are proper support of work and maintenance of slow heating and cooling 
rates, with periodic soaks. For even in the stress-relieving operation new 
thermal stresses can result from non-uniform heating and cooling. 

It is generally agreed that 400 degrees F. per hour divided by the maxi- 
mum thickness in inches is a conservative heating rate, but there is an added 
factor of safety in employing one half of this rate and this is recommended in 
important work. Unlike other heat treating operations the period of hold at 
temperature is not a linear function of thickness. Two hours at temperature 
is sufficient, for during the first hour the stresses of high intensity are reduced 
to those of the initially lower value, and after two hours all are reduced to a 
safe level The work should not be removed from the furnace on the way 
down until a temperature of 400 degrees F. is reached, in order to avoid new 
thermal stresses. . ! 

The next point frequently raised is that oxidation or scaling is a factor 
to be considered. In a gas-fired fumape the losses of actual steel from scaling 
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at the usual stress-reheving temperature have been neghgible Nothing other 
thaa a fine red powder has ever been observed Even in electric furnaces 
operated without atmospheric control the amount of oxidation at 1200 
degrees F is not excessive Cleaning by kerosene or other measures removes 
the loose oxide and presents a surface equal to the surface of any turbine 
which has been run for some time It is believed that the worn scaling is 
responsible for most of the apprehensions from this source. Table I shows 
typical losses obtained from scaling in carbommolybdenum and carbon steel 
castings at the upper limit of the stress-relieving temperatures 

As a result of the fears of loss of metal from scaling, it has sometimes 
been proposed that on finished machined sections it is advisable to stre^^re' 
heve at a lower temperature for a longer period of time In th^ authors 
opinion such a precaution is unnecessary and furthermore, is liable to lead 
to improper stress-'relieving. Stress'^relieving may almost be considered a short 
time creep treatment with certain fibres flowing plastically. Time and tempera^ 
ture are the conditions to be considered. What the relation between time 


Table I— Loss in Thickness of Steel Due to Scaling in an Electric Furnace at 
Stress Relieving Temperatures 


Time at 1250 degrees F 

Average Reduction 
Mild Steel 

Inches 

in Diam 

C Mo Steel 
Inches 

1 hr 

0 

001 

2 hrs. 

0 

001 

4 hrs 

001 

001 

8 hrs 

.001 

OOl 

16 hrs 

001 

001 

24 hrs 

002 

002 


Note: These losses are measured on the diameter of a rd. bar Losses on a 
plane surface would be one-half of the above amounts 


and temperature is has not yet been determined as far as the authors know 
1200 degrees F for one hour may be entirely adequate for a carbon- 
molybdenum steel However, at 900 degrees F, 5 "hours or 5000-hours may 
not be sufficient Until research has shown what the relationship is between 



Fig* 5. BlstorUon due to welding. Before welding# "A" 21,98e-iiiciiee, *'B" Sd^OOS-iitdiee, 
il^er welding ''A"' 2I.8S7-inche8# "B" 23,020-ln<rhe«. After omieaUag ''A" 21J994iiclie«, 
23,015'inches. Welding caused cc concave deformatloxi at fhe hozisonted ioint of J07* 

iadn 
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time and temperature for stress-relieving, the authors would not suggest 
lower temperatures and longer times. 

In regard to actual repair of defective castings, the following paragraphs 
describe procedures used on three groups of castings. With the first group 
of castings, a certain amount of distortion could be tolerated, and no special 
precautions to avoid distortion were therefore required. The second group 
represents castings where re-machining could be used to correct a limited 
amount of distortion. The third group is representative of finish machined 
castings where no machining could be permitted after repair welding. Weld 
distortion with this group, therefore, had to be minimi 2 ;ed and subsequently 
eliminated by means other than machining. 



Fig. 6. Partial removal of defects in turbine cosing. 

With respect to the first group of castings where a small amount of 
distortion can be tolerated, Fig. 2 shows the high pressure steam inlet 
of a high pressure turbine where radiographic examination disclosed a defect, 
shown in the photograph after excavation. Since this location is in ■ the 
region of maximum temperature, and since the stresses on the neck of the 
inlet pipe are usually rather indeterminate due to effect of connected steam 
lines, a complete excavation of the defective area and a sound weld were 
necessary. In this case minor distortion could easily be accommodated even 
if it meant refacing the inlet flange. Special precautions for this repair 
therefore, were not necessary. The casting was positioned for downhand 
welding and preheated over a generous area to 400 degrees F. The welding 
was deposited in and around the sides of the cavity, rather than uniformly 
filling the cavity. Each layer was peened partially to offset the welding 
shrinkage and to insure slag removal. Measurements were taken between the 
flanges of the inlet and the flanged joint of the casing before, during, and 
after welding. After welding, the casting was stress^relieved at 12^0 degrees 
F. It was not necessary to use an elaborate jig to support the casting. It was 
placed on a car bottom furnace and supported at various points with steel 
wedges as shown in Fig. 3. After stress^relieving, measurements showed that 
the casting had distorted less than .OOldncK at any point. There was slight 
tarnishing of the machined surfaces and the paint on the casting was burned 
off, otherwise there had been no ill effects. The casting, however, was now 
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definitely sound and no trouble from a hidden, defect in this region would 
occur. 

Fig. 4 represents the second group of castings where distorted areas can 
be rc'-machined after repair. When the final cut was being taken on the 
flanges of this turbine casing, two cracks were disclosed which were not 
visible when the casting was rough machined. The casting had been rough 
but not finished bored. The bore was still 'inch overside, so warpage 
could be permitted which was within this limit. It would also be a simple 
matter to take a light cut off the flanges. 

After cleaning out the cavities, weld metal was deposited approximately 
in the same manner as in the previous casting, and the usual precautions 
of preheating and cleaning were followed. The welding caused a convex 
deformation of the hori 2 :ontal joint of approximately .007dnch. The bore 
of the casting also tended to widen, by approximately .012'inch. It can^be 
noted by referring to Fig. 5 that a slight recovery was obtained in the ‘"B” 
reading in the bore after stress relieving this casting. After completion of 
the repair, the horizontal joint was re^machined to eliminate the concavity 
of .007-inch, and the casting was then finish-bored. 

Another example of repair welding, where a small amount of distortion 
can be corrected by re-machining, is represented by a horsepower turbine 
casing shown in Fig. 6. In this casting defects were present in the wall 



Fig. 7. Partial removal of defects in turbine casing. 
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Fig. 8. Method oi restoring distorted turbine casing to required flatness. 


midway at the third staging, and also in the walls of steam chest. After 
removal of defects, welding was performed on the preheated casting. Each 
layer of weld-metal and adjacent area was peened, and a total of thirty 
pounds of weld metal was deposited. The casting was stress relieved at 
1200 degrees F. for two hours. Measurements after welding showed a high 
spot of .006-inch on one flange. A grinding operation restored required flat- 
ness to the casting. 

An example of repair where no machining is permissible after ^welding 
is represented by an I, P. turbine casing shown in Fig. 7. It can Be noted 
that four rows of blading are in place. Distortion therefore had to be 
minimi^sed during welding and then eliminated by means other than machin- 
ing. Defects in this casting were located within the "'T’’ slot in the way 
of impulse blading. The defects were so extensive that removal consisted 
essentially of cutting the casting in two except for the flanges. Fig. 7 shows 
some of the excavation under way. This was continued along the slot shown. 
Prior to welding, measurements were made as indicated in Fig. 7, for con- 
venience called “flatness” measurement and “C” measurement. 

The casting was preheated to 400 degrees F. for welding. Peening of each 
layer of weld metal and surrounding area was practiced as previously de- 
scribed. Approximately fifty pounds of weld metal were deposited. After 
stress relief at 10?0 degrees F. for four hours, measurements showed loss of 
flatness of ,014-inch in a length of seven feet, and a contraction of .005 -inch 
across the “T” slot. It can be seen from the photograph that the contraction 
across the slot is the action which caused loss of flatness in the flange. In 
this casting, the width or diameter of the bore did not change beyond the 
small permitted tolerance. 

Distortion was corrected in a manner shown by Fig. 8. The casing was 
supported on blocks, and the small end of the casing was loaded so that 
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the metal behind the “T” slot was put in tension Peening of this area, 
as shown in the photograph, caused the metal to spread in a direction with 
the applied tension, which was opposite to original weld shrinkage. Peening 
Ws continued until measurements showed that distortion was eliminated. 
The stress relief treatment given this casting did not cause any dimensional 
return, but in other cases it has been found necessary to straighten beyond 
the point finally desired, thereby allowing opportunity for slight dimensional 
return in stress relievmg 

In summary, it has been shown that castings with large areas of finish 
machined surfaces, whose flatness and dimensions are required to be main- 
tained within close limits, can be successfully repair welded Castings up 
to seven feet in length and weighing two tons have been repaired with 
as much as fifty pounds of weld metal added Although problems con- 
nected with repairs have differed somewhat with each particular casting, 
observance of precautions previously descnbed and use of approved weldmg 
technique have made it possible to repair successfully castings which in 
former years would have required rejection. 

Actual cost savings which may be attnbuted to these methods of repair 
rannot be evaluated The savmg for any one castmg would of course be 
the cost of all handlmg, laying-out, and machinmg which had been expended 
on the fa.<if:tng pnor to discovery of the defects, less the cost of the repair 
by welding These factors will vary from one casting to another. Another 
factor which must be considered even more than monetary savmg, especially 
smce Pearl Harbor, is the savmg m fame which may result from the repair 
Outnght rejections of machinery castings must be held to a mmimum if the 
orderly progress of ship construction is to be maintamed From the stand- 
point of safety, a casting which has been radiographed and repaired by 
welding is considered much more dependable than a castmg which has not 
been radiographed This is an important consideration when the castmgs 
mvolved carry high temperature, high pressure steam, for a sound castmg 
presents less danger to the operating personnel A casting which has been 
repaired dunng manufacture also means that less operatmg time will be 
lost because of necessary repairs after the ship has been in service for some 
time, since an mtemal defect will sometimes pass hydrostatic and other 
routine tests only to work its way to the surface of the castmg under 
operating stresses. 

The authors wish to acknowledge the co-operation of Mr. J. E Burkhardt, 
Technical Manager, Bethlehem Steel Co, Shipbuilding Division, whose 
advice and constructive cnticism has been most helpful Most of the de- 
velopment work on castmgs built up by welding has been due to his 
insistence on obtaining sound castmgs whether it be by design, by radiog- 
raphy, or by repair. The authors also wish to acknowledge the helpful 
co-operation of Rear-Admiral P. B Dungan, formerly Inspector of Machin- 
ery at Fore River; Captam R. W. Fame, Engineenng Superintendent, Boston 
Navy Yard, and Commander C 0 Kell, Production Manager, Boston Navy 
Yard whose advice concerning repairs of steel castings has been most helpful. 



Chapter VIH — Welded Revolving Cranes 
By C. Perry Streithoff 

Structural Division Engineer, Engineering V/or\s Division, Dravo Corporation, 

Pittsburgh, Pa. 


Subject Matter: While various improvements were made from 
time to time in design and construction of revolving cranes 
probably no other procedure in the work of the company haj 
enjoyed so much success as that of modern arc welding. In th< 
case of the sample crane described, the saving in material waj 
12 per cent and in labor 22 per cent. At this rate, the saving ir 
the company’s business would be $100,000 per year, and if it re- 
sulted with all the revolving cranes built in the entire industry, th« 
annual saving could be nearly one million dollars. The decreasi 
in weight and increase in rigidity increase the service life of th< 
equipment. 

C. Perry Streithoff 



The fulhrevolving, whirler-type crane has become the basic erection too] 
of the American shipbuilding industry. Having the advantage of extreme 
flexibility over stationary cranes, the traveling gantry type, illustrated in 
Fig. 1, has become the most popular for shipbuilding, drydock and general 
construction work. 


It is well recognized that the advance of welding in ship construction 
has resulted in the prefabrication of larger and larger assemblies. This 
condition, and the installation of heavier equipment and machinery, has 



fig# 1# Ci^erol &f iSrtoia icrftw4iiifln cremg* 
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prescribed heavier crane capacities for handling these units. At the same 
time, utmost in safety must be incorporated as in all cases a failure would 
result in serious financial loss, senous hazjard to nearby workmen and a 
serious retardation of our strained defense program. Complying with both 
of these trends, the alhwelded, screw^-luffing crane described in this paper 
was developed. 

The general arrangement of the crane is shown in Fig. 2. Mounted 
on a high gantry with runway rails spaced at 2y^foot centers, 

it is equipped with a 150*'foot triangular shaped boom of the screwduffing 
type providing maximum flexibility and safety for heavy-'duty shipyard 


Side of portal elevation. 
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Fig, 3, Genercd arrcmgement of boom. 
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service. Tlie crane has a rated capacity of 25 gross tons or 56, 000-poxinds 
at a radius of 85-feet and 33,000-pounds at a radius of 98-feet for the main 
hoist hook. An auxiliary hoist provides a capacity of 20,000-pounds at a 
156-foot radius. 

Boom — ^The boom is pin connected to the top of the front portal of the 
longitudinal trusses. Its triangular shape and framing details are departures 
from orthodox boom design, and the efficient proportion of the component 
parts was made possible through modern welding design and practice. 

The general arrangement of the boom is shown in Fig. 3, indicating 
the makeup of its various members. These are proportioned to resist a 
combination of dead load plus live load, plus 25 per cent impact on live 
load, plus side forces due to slewing or seven pound side wind. The 
resultant stresses are obviously compression in the bottom chord, reaching 
a maximum magnitude of 240 kips for each of the two bottom chord 
members adjacent to the boom foot. Similarly, the top chord tension at 
the screw frame connection totals 340 kips. The resultant web stresses, 
however, are relatively small, and these parts are proportioned largely to 
satisfy their 1 /r requirements. Accordingly, the only main member material 
that can be substantially reduced through welding is that of the top chord, 
which, by maintaining gross section, can be reduced by approximately 15 
per cent over riveted construction. It is in the design of the details and 
connections, however, that welding helps to materially reduce the weight 
of this very important part of the crane. For every pound of weight reduc- 
tion on the boom, the load on the remaining structure is reduced by ap- 


Fig*. 4. Welded design made tdcrngulcnr boom proc^ccdL 
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proximately five pounds. In order to further reduce the weight of the 
boom, the chord members were built of copper^nickel alloy steel, permitting 
an increase in allowable unit stresses of one-third oyer that of ordinary 
carbon steel. Accordingly, a welding electrode possessing similar properties 
to those of the parent metal was selected, after having tested numerous 
specimens under various unusual and severe conditions. 

As mentioned previously, the web members must be proportioned to 
meet maximum 1/r requirements. For this purpose two angles arranged^ to 
form a star^shaped strut were selected, making a very efficient compression 
section. Plate battens, welded to the outstanding legs of the angles and 
alternating by 90 degrees, provided an economical method of fabricating 

these sections. ^ 

The arrangement of the primary members to form the triangular shape 
of the boom is illustrated in detail in Fig, 4. Gussets were arranged normal 
to the webs of the chord members, and placed in the same plane of the 



Hg. 7. Typical spliaes^ond coanectlons at boom top cbosrci. 
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Fig. 8. Details of boom>foot con&oction. 


sloping diagonals, thus greatly simplifying the connections of chords to 
diagonals. 

Details of a typical bottom chord jomt are shown in Fig. 5. In addition 
to the primary gusset plates mentioned above, small triangular gussets attach 
the outstanding legs of the diagonal members to the chords, thus relieving 
the primary gussets from any possible lateral stresses. The bottom chord 
lateral system is designed to transmit all lateral loads due to slewing or side 
wind to the mam framing of the rotating structure As indicated, honzontal 
struts composed of Idnch H sections are framed into the bottom chord, 
while single angle diagonal cross braang is connected to strut and chord 
through a common gusset plate Vertical stiffener plates '"back-'up’’ the top 
flange of the chord member opposite the primary gusset connection. ^ To 
develop this joint with riveted connections would require at least three times 
as much detail matenal. 

A similar detail showing a typical top chord jomt is indicated in Fig. 6. 
A common vertical gusset assists in transmitting the diagonal stress from 
each of the four pnmary gussets to the chord member. The remaining 
details are similar to the bottom chord joint previously described. 

Also illustrated in Fig. 6 is a typical chord splice. The flanges of the 
member were butt welded, while the web was developed through two side 
splice plates as indicated These splice plates were provided with erection 
holes, thus simplifying the erection of adjacent boom sections. 

The photograph. Fig 7, shows a typical top chord splice as well as 
a typical joint arrangement both of which have been described above. 





U Details of boom top chord. 
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Details of the boom foot connection are shown in Fig. 8. Designed to 
transmit a compression load of 240 kips, the flanges and web of the bottom 
chord beam are butt welded to a steel billet. In addition to the 45 degrees Vee 
weld to accommodate the stress flow from the relative thin sections of the 
rolled shape to the solid billet, the boom foot billet is bored for a bronze 
bushing to receive the lower hinge pin. As indicated, the bottom chord 
laterals are connected to billet and chord by means of a gusset^ plate. The 
resulting joint is simple and neat in appearance, yet highly efficient. 



Fig. 13, Oeft). Top connection boom portal. Fig. 14, (right). Boom portal raady for shipment 


A most interesting detail is the top chord splice illustrated in Fig. 9, 
the function of which is to transmit a tension stress of 300,000^pounds from 
a single lO'inch wide flanged beam to two 1 Clinch standard I beams. Since 
the combined area of the two webs of the standard I beams was considerably 
larger than that of the single wide flange beam, a ^dnch web plate was 
inserted to transmit the stress from the pair of I beams to the web and 
flanges of the single beam. The transition was completed by butt welding 
the flanges of the three primary members involved. Stiffener plates were 
provided to back up the diagonal gusset plates, and a sealing plate was 
inserted between the webs of the two I beams to prevent water from 
lying in the Vee shaped pocket formed by the junction of the two members. 
The details of this joint are further illustrated in Fig. 10, which shows the 
connection as it actually looks in position on the boom. 

Also shown in Fig. 9 is the hinged joint of the top chord where it 
connects to the boom portal. Each of the two 1 Clinch Fs was welded to 
a steel billet as indicated. Again, the flanges of the chord members were 
Vee butt welded to the billet with additional fillet weld reinforcements 
on each side to assist proper stress transition. 

The assembled boom is illustrated in Fig. 11. Convenient erection holes 
were provided for the various shipping units to insure accuracy and align^ 
ment and to expedite the final field assembly. 

Boom Portal — ^Thc boom stresses arc tra,nsmitted to the basic rotating 
structure through the luffing screw and boom portal These two highly 
stressed and important members are hinged to the longitudinal platform 
trusses at their lower ends and converge at their upper ends to form an 
apex of a large triangle to which point the boom top-chord is attached. The 
front leg of this triangle, identified as the boom portal, is detailed in Fig. 12. 

As indicated, the two main post sections of the boom portal consist 
of a pair of channels and a continuous cover plate forming an open box 


SECTION IX— MACHINERY 


825 


/^l/O 04se«/ c 4i> c. >vL/s C^**<*^ 

-^ 2-0 O^tn /^jT/Z/oo c /q c a/oi^S /pm*} 



/^AX. /o^£> OAl K^C^gK/«> .5(0 ^Ooo’^ 
vj5c>e. //g ** o ^■» ^ocr Qf*^ 





Fig. 15. Connecting detcdUs of boom luffing ecfew. 




826 


STUDIES IN ARC H^ELDING 


section the open side of ■which, is braced with gussets and mterm^iate 
battens. Hinged to the platform trusses on a common pin with the boom 
foot, the lower end of the portal posts is provided with a pair of pin 
plates welded to the channels as indicated. i i • j t. 

The top connection, through which the boom portal is hinged to the 
luffing gear, provides a very interesting detail. Consisting simply of two 
pairs of vertical plates separated by plate diaphragms, they are arranged for 
pre'fabrication and assembly. In their final position in the structure these 
built up connections form an integral part of the boom portal and pro-vide 
a smooth transition of stress from boom chord to lufiSng gear and portal. 
This feature is further illustrated in the close-up photograph shown in Tig. 
13. Layout and boring operations of the sturdy boom portal is accomplished 
in progressive stages on the fitting floor of the machine shop, where, in 
Fig. 14-, a completed unit is shown ready for shipment. 



Fig. 16. Luffmg mechanism during assembly. 


Liiifing Screw and Frame — ^The luffing mechanism is one of the most 
interesting features of the crane. It consists of a screw arrangement of 
the turn-buckle type, the ' screw working two non-rotating nuts mounted 
in steel trunnions. Having an over-all length of forty-two feet from center 
to center of trunnions, the screw is made of forged nickel steel, normalisjed 
and quenched to provide a minimum yield point of 80,000-pounds per square 
inch. The threads are of the single lead buttress type, having a speed of 
16 revolutions per minute and a nut speed of 2.84-feet per minute, per- 
mitting the boom to be raised frona 90-feet to 60-feet radius in two minutes. 
The mechanism is motor driven through a gear reduction unit and so 
arranged that the boom cannot change positions ^cept when the mechanism 
is in operation. Upper and lower boom positions are protected by an 
electric limit switch with slow down and final stop arrangements. Details 
of the end connections are shown in Fig. 15, while various parts of the 
mechanism are shown in the process of assembly on the machine shop fitting 
floor in Fig. 16. 

The luffing mechanism is housed in a sturdy welded framework and guide 
arrangement, the nucleus of which is two longitudinal I beams with suitable 
cover plate. Rigid yokes are provided at each end near the hinge points 
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Fig. 18. Side elevation of rotating structure. 


with intermediate transverse frames, the details of which are indicated in 
Fig. 17. The design is so arranged that if the screw should break in tension, 
it will carry the load in compression to the bearings at the end of the 
framework, and thence through the frame, without dropping the load. 

Longitudinal Trusses — ^The general arrangement of the longitudinal 
trusses, showing their relationship to the boom, screwduffing mechanism 
and rotating platform, is shown in Fig. 18. The primary function of these 
units is to provide vertical bending and shearing resistance to the machinery 
platform. Framed between the rear bulkhead and the front portal, each 
truss consists of a pair of channels acting as top chord, three pairs of angles 
for diagonal web members and a bottom chord which utilisjes the longitudinal 
platform beams as its sections. The gussets were shop welded to the top 
and bottom chords as indicated while the diagonal web members were 
shipped separately for final field assembly. 

Details of the front portal are shown in Fig. 19, the vertical post of 
which transmits the boom foot reaction to the rotating platform. The posts 
consist of a pair of heavy channels separated by plate battens. Its upper 





Fig. 19. Typical details oi plationn portoL 


end IS arranged to take the boom foot hinge pm while its lower end is 
provided with a simple base plate. The two portal posts are braced trans^ 
versely with battened angles as indicated 

The lower end of the luffing gear is hinged to the rear bulkhead from 
which the stresses are transferred to the rotating platform and longitudinal 
trusses. Details of the rear bulkhead are shown in Fig. 20. In addition 
to acting as a distnbuting girder, each of the two side sections provides 
one of the walls of the two wing counterweight boxes which will be sub' 
sequently described. The photograph, Fig. 21, shows a boring operation 
for the hinge pins on one of the rear bulkheads. 

The top chords of the two longitudinal trusses are braced laterally as 
indicated in Fig. 22. The location and arrangement of the various members 
are prescnbed by the hoisting rope lead line clearance requirements. The 
cross struts of the bracing system provide the supports for two longitudinal 
monorail beams, the purpose of which is to provide machinery handling 
fadhties. The connection details of the monorail beam to stmt axe interest' 
ing. As indicated, this connection is accomplished by means of a vertical 
round bar passing through one flange and inserted in me web of each beam. 
The bar is then continuously welded to the connecting perimeters, making 
an extremely simple yet highly effident suspender connection. 
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Rotating Platform— The entire weight of the rotating structure and hye 
load IS supported upon, a system of rolled steel, double flanged wheels 
Bronsje bushed, they revolve on steel pms assembled in a double channel 
circular cage Heavy section crane rails form the upper and lower rail 
circles, the complete assembly resulting in a level, unyieldmg turntable 

General arrangement and details of the rotating platform frammg are 
shown in Fig. 11 It consists essentially of four longitudinal girders, the 
center two of which form the bottom chords of the two longitudinal trusses 
previously described The unit is spliced for shipment adjacent to the two 
center longitudinal beams, as shown in section B'-B, resulting m three ship" 
ping sections The roller reactions are supported by two transverse beams 
m the center section and four diagonal beams in the two wing sections. 
Additional transverse beams are provided for machinery, counterweight 
and king^pin supports A plain plate covers the top of the center section 



Fig. 20. Petcdls of rear bulkhead. 
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while checkered floor plate is utili2;ed in the wing sections. Bottom flanges 
of all beams supporting the roller circle are further reinforced with a 
cover plate as indicated, the width of which, together with the top floor 
plate and properly spaced vertical stiffeners, insure ample resistance to any 
of the eccentrically applied roller loads. 

Section D-D, taken transversely and adjacent to the king-pin support 
is shown in Fig. 24, further amplifies the details of the platform construction. 
The arrangement of the structural supports for the swinger or rotating 
mechanism is detailed in section E-E. 



Fig. 21. Boring operation on rear bulkhead connection. 

The photograph, Fig. 25, a general view of the fitting floor, shows the 
gantry top in the foreground to which the lower rail, roller circle, rack 
and female stediment have been assembled. The rotating platform is shown 
being turned over for mounting on the gantry top. 

A section through the rotating platform and gantry top, showing the 
center stediment, king-pin and swinger drive arrangement, is indicated in 
Fig. 26, while a floor plan of the machinery house, (See Fig. 27), further 
illustrates the mechanical arrangement. The center stediment, consisting 
of a bron 2 ;e bushed male and female part, is mounted at the center of 
rotation of the crane and is designed to absorb all the horisjontal forces 
due to rotation. A hollow center king-pin passing through this stediment 
anchors the rotating platform to the gantry top and forms the center of 
rotation for the superstructure. 

The hollow center of the king-pin further provides for the carrpng 
of the electrical wiring, A four-ring collector, transmitting the main in- 
coming current from the stationary to the rotating parts of the machine, 
and a multiple-ring collector, transmitting the control currents for travel 
and rail clamp controls, are fitted around the center stediment. 

As indicated on the machinery plan, the motor driven rotating mechanism 
consists of a gear reduction unit, a set of bevel gears and a vertical shaft 
with an integral rack pinion, providing the structure with a rotating speed 
of one and one-quarter revolutions per minute. 
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H?, 22. Framing- of truss top chord. 









ng. 24. HaU ironsverB© section through rotating plate, ladder detail and section through swnger. 
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Fig. 25. Rotating platforms being turned ov^ for mounting. 


Driven independently, the main and auxiliary hoisting units are mounted 
on an integral welded base, the completed unit being illustrated in Fig. 28. 
The main hoist drum has a pitch diameter of fifty inches and a length of 
eighty^two inches. It is grooved to take a single layer of hoisting rope one 
and one^eighth inches in diameter, the main load block being reeved for 
four parts of line. The mechanism is powered with an electric motor through 
a double’ set of spur gear reductions. 

The drum of the auxiliary hoisting unit has a pitch diameter of thirty 
inches and a length identical to that employed on the main drum, thus 
simplifying the base construction. The drum is grooved for the onednch 
auxiliary block lead line. . 

Machinery House — ^The crane machinery, control panels and operator's 
controls are ixoused in a neat, alhwelded steel cab, the general arrangement 
and details of which are indicated in Fig. 29. The side sections are built 
in n-foot long panels, each consisting of two vertical sheets of heavy gauge 
steel. The sill of each section is a fiat bar which is provided with two 
fitting holes for field assembly prior to welding directly to the top flange 
of the outside platform beams. The top^header or cave strut is made of 
a continuous angle or flanged plate, while the vertical edges of each sheet 
are backed up with four-inch I beams thus making a shipping section, the 
entire perimeter of which is rigidly supported. Midway between the sill 
and cave strut a four-inch horiaiontal girt cut from an eight-inch channel 
is inserted. Intermediate vertical stiflFener bars are spaced on twenty-four-inch 
centers to add additional stiffness to the skin plating. The weight of the 
resultant section averages only ten pounds per square foot, which, for the 
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degree of strength and rigidity obtained, could be obtained only through 
welding 

The roof sections were built in similar shippmg sections using 10-gauge 
roof sheets in seventy^two-inch widths. The rafters consisted of fourdneh 
angles with toe welded to roof plates except at plate splices where four^inch 
I beams were employed, utilumg the flange as a back-up bar The eave 
sections were trimmed with a contmuous longitudinal bar. The resultant 
construction not only lends itself to simple fabrication methods but provides 
rigid, easy to handle, shipping sections 

Commercial steel sash of the projected ventilator type were mstalled 
in the sides of the cab by welding the sash frame to the skin plating with 
a continuous sealing bead making a neat, weather-tight joint The location 
of the control cab and the arrangement of the windows provide the operator 
with a free and unobstructed view of the hooks for all positions of the 
boom. The control room is separated from the mam machinery house by 
means of a metal partition, while floors, ceiling and sidewalls are insulated 
for the comfort of the operator and shatterproof glass is mstalled in the 
sash for his safety. 

A removable panel is installed m the floor of the machinery house to 
permit any part of the crane machinery to be lowered to the trestle. The 
two longitudinal lift beams, described previously, span this opening. 

Gantry Structure — ^The thirty-five foot high gantry structure is copped 
with a sturdy base on which are mounted the lower rail circle, the rack 
for the rotating mechanism and the female center stediment. The photO" 
graph, Fig 30, shows the rotating platform being moved over to the gantry 
top for a check assembly before the crane is shipped Careful manufactunng 
methods insure perfect alignment between the various sub-assemblies, thus 
the large roller circle, sandwiched between the sturdy welded gantry top 
and rotating platform, constitutes in effect a large roller bearing designed 
and perfected so as to give minimum faction in rotating the revolving 
structure and load Details of the gantry top are indicated in Fig. 31. Four 
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Fig. 27. Machine liouso fio» plan. 









n?. 28. Main and auxiliary hoists independently driven but mounted on one welded bose. 
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Fig. 30. Rotating platforms ready for moundng. 
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Fig. 31. Plon of gantry top. 
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Tig. 32. Portal olorallon of gantry. 


lam cap beams supported in the center of their spans by the side and 
lortal trusses form the basic perimeter of the top platform Section B-'B 
bows a typical cross section through the main perimeter framing. A 12-mch 
ee cut from a 24^mch beam is used to support the rack section. Torsional 
esistance is obtained through the proper use of vertical diaphragms. Also 
llustrated are the construction details of the walkway and handrail which 
urrounds the gantry top. Diagonal beams of similar construction to the 
aam side beams are arranged across the four comers of the platform to 
upport the rail circle and rack. The platform is spliced for shipment at 
he center of the two side girders into two main field assembly units, while 
he central spider containing the supporting construction for the center 
tcdimcnt and king^pin constitutes the third shipping section The splices 
or this center section arc located and arranged to provide a simple support 
or the control house which is suspended from the gantry top. Details 
if this splice arc indicated in section F-P, 
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The gantry portal elevation is shown in Fig 32, indicating the general 
design and detail features of the portal framing. Similarly, the side eleva- 
tion of the gantry is shown in Fig 33. The gantry legs are pm connerte 
to the four equahzer trucks at each comer of the g^try structoe. Ihe 
■wheels are arranged m four-wheel fully equalized trucks, two of the wheels 
at each corner bemg motor driven through spur gear reductions, hach 
of the four travel motors are mounted on the outboard equahzer truck. 

Two double-jaw automatic rail clamps, mounted in the center ot the 
gantry sides, are suffiaently mgged to hold the crane against a lOO-mle-per- 
hour wmd The rail clamps are pre-assembled in a self-contained all-welded 
housing, the assembly being illustrated in Fig. 34 The jaws of the rail clamp 
are actuated by a power unit consisting of a motor dnven hoisting engme, 
and the mechamsm is interlocked ■with the travel motor controls m such a 
manner that the operator must release the clamps before power can be 
obtamed on the travel controls. The rail clamp release umt is located in the 
control house suspended from the gantry top 

History — The foregoing detailed descnption is a typical example of a 
long Ime of modern all-welded cranes being built by the crane and bridge 
department of our company For more than 30 years we have been building 
revol^ving cranes, the design and manufacture of which was developed to 
meet the growing demand for faster and more suitable equipment for con- 
struction of dams, locks, bndges, termmals and all heavy work requiring 
the rapid handling of matenals. Initially built largely of wood framing 
with steel hardware, the transition to all steel riveted construction produced 
a crane of greater hfting capacity at longer boom reach, and more rugged 



Rg. 33. Side eleroHon ot gonlrr. 
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Fig. 34, (left). SeU-confcnned roil clomps for hou^ng. Fig. 35, (right). Cloee-up of 28>i(« 

screw-lnfflng crane. 

to meet severe and continuous service with low maintenance cost. While 
various improvements were made from time to time in design and con< 
struction, probably no other procedure in manufacture has enjoyed as much 
attention and success on the part of our design engineers and management 
as that of modem arc welding. Encouraged by executive support, and 
backed by a successful history which pioneered the application of welding 
to inland floating structures, it was only natural that we go “alhout” for 
welded construction on cranes, after having built a few experimental units 
early in 1940. The last riveted crane we built was mounted on a floating 
hull of welded construction. This unit was completed during the latter 
part of 1939. Simultaneously, our preHmina^ designs' of all-welded crane 
stmctures were progressing, and based on estimated savings over actual cost 
records for riveted construction, we ventured forth on the largest crane 
building program in the history of our company. The following comparative 
cost analyses, (See Tables I and II), illustrate the correctness of our judgment. 

Cost Analysis— As indicated, the tabulation, Table I, contains compara- 
tive weight and fabrication data for both welded and riveted designs. The 
weights and direct fabrication hours itemized for the welded design described 
in this paper are taken from actual cost records. For the riveted design, 
each part of the crane was compared, item for item, with its welded counter- 
part, and the various members proportioned so as to give, as nearly as 
practical with riveted construction, comparable results as to strength, rigidity, 
etc. A net saving in weight of 12 per cent in favor of the welded design 
was established. 
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TABLE L Comparative Weight and Fabrication Data 


Crane Part 

Welded Design 

Riveted Design 

Weight 

Pounds 

Direct 

Fabrication Hours 

Weight 

Pounds 

Dir 

Fabncati 

cct 

Dn Hours 

Per 

100 lbs 

Total 

Per 

100 lbs 

Total 

Boom Top Chord 

Boom Bott, Chords, 

Boom Vert. Diag's 

Boom Bott. LatPs — 

Boom PortaL 

Misc. Parts and Details 

5,200 

10,900 

7,600 

2,800 

5,200 

12,728 



6,100 

10.900 

8.000 

3,000 

5,200 

17,500 



‘ Total for Boom Struct Parts — 

44,428 

217 

965 

50,700 

2 35 

1,190 

Boom Walk Supports. 

Skywalk Mesh — 

Pipe Handrail - 

1,809 

800 

700 

■ 


2,400 

800 

700 



Total for Boom WalL 

3,309 


— 

64 

3,900 


75 

Cab Frame and Conn's 

Cab Sheeting. — 

Cab Trolley Beams 

5,398 

15,439 

1,356 



8,200 

15,800 

1,500 

1 


Total for Machinery House 

22,193 

185 

412 

25,500 

2.10 

535 

Front PortaL 

Rear Blkh'd 

Top Chord Bracing 

Vert. Trusses. 

Misc. Details 

4,770 

7,740 

1,660 

6,150 

3,710 



5,000 

8,400 

1,800 

6,500 

8,500 



Total for Platform Trusses 

24,030 

173 

450 

30,200 

190 

575 

Rotating Platform — Mam Mtl ... 
Rotating Platform — Details and 
Conn's - 

Total for Rotating Platform 

37,825 

4,563 



39,000 

8,000 



42,388 

95 

402 

47,000 

1.15 

540 

Screw Frame — Main Mtl 

Screw Frame — ^Details 

Total for Screw Frame 

22,000 

2,444 



23,000 

5,000 



24,444 

200 

488 

28,000 

2 25 

630 

Gantry — ^Top Platform 

Gantry — ^Details 

Total for Gantry Top 

31,942 

4,000 






35.942 

106 

jg 


1 20 

480 

Gantry Posts and Bracing 

Gantry Posts Details 

Total for G’try Posts and Bracing 

48,073 

6,400 






54,473 

125 

■5 

59,000 

1 35 

800 

Gantry Walks and Handrail 


HQQI 

155 

8,000 

2.25 

180 

Hoist Base 

Rail Clamp Bor. 

Mam Truck Equalizers . .. . 
Truck Frames, 

Total for Misc. Items 

6,373 

5.570 
10,651 

9.570 

147 

2 64 

1 26 

2 15 

94 

147 

134 

206 

B 

175 

2 75 
1.50 

2 50 

126 
173 
. 180 
275 

32,164 

1 81 

581 


206 

754 

Total for Crane Structure 

290,565 

1 57 

4,583 


1 74 

5,759 
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TABLE IL Erection Cost Comparison 



Welded Design 

Riveted Design 

Part 




isai 




Hrs. 


Operation 

firs. 

Wt. 

19 

Operation 

Hrs. 

Wt 

per 




Tons 

19 



Tons 

Ton 


Scaffold”- 




Scaffblf — 





Erect and 




Erect and 






56 


.50 

Dismantle 

70 


.57 


Assemble and 




Assemble and 





Erect. 

377 


,3 37 

Erect. 

420 


3 40 


Bolt 

50 


45 

Bolt, Ream, Riv. 




1 a 

Cbip and Grind _ 

14 


.12 

(3700 Field Rivs.) 

920 


7.42 

o 

Fit and Tack 

196 


175 






Weld 

425 


3 80 






Total 

1118 

111 3 

9 99 

Total 

1410 

123 8 

11.39 


Assemble and 




Assemble and 





Frprh 

175 


732 

Erect 

195 


700 

Boom 

Fit, Tack and 



Bolt, Ream, Kiv. 






129 


5 40 

(540 Rivs ) 

163 


5 86 


Total 

304 

239 

1272 

Total 

358 

27.8 

1186 


Assemble and 



■ 

Assemble and 





Fr^C-t 

255 


230 

Erect 

280 


21 9 

House 

Fit and Tack 

141 


12 7 

Bolt, Ream, Riv. 





Weld 

105 


95 

(1230-5^^(9 Rivs) 

283 


221 


Total 

501 

11.1 

452 

I 

Total 

563 

12 8 

44.0 


Grand Total- 

1923 

146 3 

i 132 

Grand Total - . 

2331 

164.4 

141 


Summary 


Item 

Riveted 

Con- 

struction 

Welded 

Con^ 

struction 

Saving 

Rivet' 

Welded 

Rate 

m 

Dollars 

Saving 

m 

Dollars 

Per cent 
Saving 

Matenal-” Weight - 

328,800 

290.565 

38,235 

$2.20 


12% 

Fabncation Hours 

(Direct Labor) 

5.759 

4,583 

1,176 

1.80 

1.940.00 

i 

83 5% 

Erection Hours 

(Direct Labor) 

2,331 

1,923 

408 

175 


11% 

Total for Crane 

- - 

— 




$3,840 00 



5,840 

Saving per Ton of Welded Conatruction $26 30 

146 

The direct fabncation labor hours for the various riveted items were 
obtained from unit cost records of previously constructed nvcted cranes. 
A comparison of the total fabncatton hours indicates a net saving of 23^2 
per c;ent in favor of the welded design. 

Similarly comparative erection costs are tabulated, Table 11, resulting 
in an additional saving of 21 per cent of the direct labor hours. A summary 
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of the results are also tabulated, indicating a gross saving of $3,840 per 
crane or an average saving of $26 30 per ton of welded crane construction. The 
labor rates used for both shop and field are average and include both direct 
and burden charges. 

During two years we actually built a total of 63 alhwelded revolving 
cranes, with capacities ranging from ten tons at 5 S 'feet radius to 84-tons 
at 104-feet radius, and rail circles varying from M-feet to 37-feet in diameter. 
The weight of these units totaled 7,524-tons of welded construction, which 
at the established rate of $26 30 per ton, amounts to a net saving of nearly 
$200,000 or an annual saving of $100,000 

While exact statistics are not available for the total tonnage of revolving 
crane structures in the entire industry, it is conservatively estimated that 
the annual weight would approximate 35,000-tons. Accordingly, a saving 
of nearly one million dollars annually would accrue if welded construction 
were generally adopted by the mdustry. 

In addition to the economic advantages demonstrated above, indirect 
savings resulting from the lighter weight welded crane structures are ap- 
parent Both travel and swinging motions will require less energy for 
operating their respective mechanisms, and foundations can be made lighter 
due to wheel load reductions. The extremely high degree of rigidity attained 
m the integrally welded parts promotes smoother performance for all of the 
vanous crane functions, and increased service life can be confidently assumed 
These indirect benefits will be of substantial value to those desiring to 
reduce material handling costs 

In conclusion, the writer wishes to emphasize the fact that there has 
been a general tendency on the part of designers of this type of equipment 
to hesitate in applying welding to these structures because of the dynamic 
loading and stresses involved W^e sincerely hope that the many features 
of welded design and construction submitted in this paper, together with 
the accomplishments typified by the numerous installations over the past 
two years, will encourage others to develop similar applications As a fitting 
closure we submit a “close-up” of the subject crane, Fig. 35, amplifying 
many of its features A tribute to welding progress, this rugged modern 
ship-buildmg crane stands silhouetted agamst the sky, a symbol of a deter- 
mined effort on the part of American crane designers and builders to supply 
the shipyards of our country with better erection equipment, which will 
expedite their program for the “bridge of ships.” 



Chapter IX — Welded Design of Tapered-Tube Booms for Cargo 

Ships 

By William G. Gerstacker 

Development Engineer, Union Metal Manufacturing Co , Canton, Ohio 

Subject Matter: Booms of uniform cross section are unnecessarily 
heavy towards the extremities in order that they may have suffi' 
cient strength at the center of their length. Thus, there is an 
advantage in the proper proportioning of the boom regarded as 
a column with central load. A double telescopic arrangement 
of tubes having the ends of the larger elements swayed down to 
fit the smaller (to which they arc welded) may be employed; 
or, alternatively two seam^welded tapering sections may be 
fabricated from plate and welded into a central splicing section 
on sleeve Material, labor and overhead charges are all lower 
than in the case of the pipe boom of uniform diameter. 

William G Gerstacker 


Development 



The present conventional design of booms for cargo ships consists of 
either three or five sections of two or three si2;es, respectively, of standard 
I.P.S. or large outside diameter tubmg. The tubes are swaged together 
with overlapped joints, the largest sm tube forming the center section and 
the smallest sizes forming the end sections The booms are generally sym^ 
metneal In Fig. 1 are illustrated typical pipe booms and their joints. 

This paper proposes the substitution of tapered^tube booms for pipe 
booms since it is possible to fabricate tapered-tube booms which have 
several design features which are superior 

The design of tapered-tube booms for cargo ships consists of two sec- 
tions of tapered-'tubing formed from steel plate. The large-diameter ends 
of the sections are butt welded together and a collar, formed of steel plate, 
IS welded over the joint. The booms are not necessarily symmetrical. In 
Fig. 2 18 illustrated a typical tapered-tube boom and its joint. 

The booms are fastened to the cargo ship generally at an angle of 25 
or 35 degrees with the hori 2 ;ontal. The outer end of the boom is supported 
by cables which, in turn, are supported from a vertical member known 
as the mast. This mast is rigidly fastened to the ship and may support 
several booms through boom-to-mast cables. The cables are operated through 
a winch so that the angle of the boom with the horizontal may be altered. 

The cargo is picked up with a block-and-tackle arrangement which is 
supported from an end fitting on the outer end of the boom. The end of 
the cable passes longitudinally along the boom to the pivot end of the boom, 
thence over a pulley, and to another winch. Operation of this winch will 
lower or raise the cargo. 

Two other block-and-tackle arrangements are fastened to the end fitting 
and supported from the boat. These are hand-operated and allow the boom 
to rotate about its pivot, thus permitting a cargo which has been raised 
from the dock to be revolved to a place over the hatch of the ship 

Principle of the Tapered-Tube Design — When the cargo is applied to 
the rigging arrangement, the boom becomes a compression column. A 
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column of uniform cross section will always fail at tke center because 
the lateral deflections due to the end load are greatest at the center, thus 
producing the maximum bending moment and bending stress at the center. 
The bending stresses decrease as the distances from the center of the column 
increase since the lateral deflections are smaller. Thus a column of constant 
cross section designed for a safe working stress at the center will have 
unnecessarily conservative stresses at all other points. 

The tapered^tube boom is designed to give as nearly as possible a uniform 
stress distribution throughout the length of the boom by usmg a suitable 
center diameter, material gage and taper. Thus, as the bending moments 
decrease away from the center of the boom, the cross section of the boom 
also decreases in nearly the same proportion, resulting in very nearly con- 
stant stresses throughout the length of the boom. 

The pipe boom is designed accordmg to the principles just mentioned 
by using sections of variable cross section. However, due to the cost of 
makmg swaged joints, only two or three si^es of pipe are economical to use 
in making the boom. Thus the stress m the smaller si 2 ;e pipe at a swaged 
joint and the stress at the center of the pipe boom are critical stress points. 
All other points on the length of the pipe boom have conservative stresses. 
Therefore, a pipe boom must necessarily be heavier to carry the same loads 
that a tapered-tube boom will carry smce there is unnecessary matenal along 
the greater length of the pipe boom. 

Fabrication of a Pipe Boom — ^The necessary lengths of pipe for the 
various sections of the pipe boom are cut to length from random pipe lengths 
of approximately 20- to 40-feet. Next, the ends of pipe to be swaged to 
smaller sections are heated to a dark straw color which is a sufficient tempera- 
ture to permit a closely swaged joint. Drop forgmg presses are then used 
to perform the actual swagmg operation The circumferential weld is added 
after the joint has cooled, (See Fig. 1 for details). 

Fabrication of a Tapered-Tube Boom — sheet whose width is equal 
to the sum of the large circumference and the small circumference of the 
tapered-tube and whose length is equal to the length of one^half boom, 
is purchased. The sheet is laid out and sheared lengthwise into two equal 
trapeijoids on a power-driven roll shear. Each of these blanks is used for 
fabricating a tapered-tube. 

Next, each sheared sheet passes to the former Here the sheet is clamped 
in position after which two, motor-dnven, eccentric forming arms form 
the tube over a tapered mandrel to the shape ,of the final tapered-tube. 

Now the formed tapered-tube is taken to an automatic welder which 
welds the longitudinal seam. This machine is operated by a variable-speed, 
reduction dnve which pulls the tube longitudinally past the welding arc 
Since the former makes a very accurate jomt, no welding rod is necessary. 
The arc heat fuses the metal together from each side of the longitudinal 
seam without resultmg in undercutting. An autogenizjer flux is fed auto- 
matically to protect the weld from the ambient atmosphere. 

Following this welding operation it is necessary to handweld the starting 
and finishing ends of the longitudinal seam. 

Next, the tube goes to the cold-rolling machine Here it is slipped over 
a tapered mandrel and cold-rolled by hydraulically-operated, radial rolls 
past which the tube must go. This cold-rolling mcreascs the yield point 
of the steel from 28,000 to 48,000 minimum pounds per square inch. The 
ultimate strength of the steel is increased from 50,000 to 60,000 minimum 
pounds per square inch. 
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Next, two of these finished tubes are placed with their large diameters 
together with a chill stnp inside and fused by a hand-made circumferential 
weld. The weld is ground smooth and a rolled sleeve slipped over this 
assembly and held in place by circumferential fillet welds, (See Fig. 2 for 
details) . 

Fabrication Costs of Pipe Booms — ^No data are available on the manu-' 
factunng costs of pipe booms since they are manufactured by competitors. 
However, fairly accurate estimates should be possible by analysjing the 
operations The following labor is estimated for fabricating the 5-ton pipe 
boom shown m the calculations in quantities of 100 



No. of 
Men 

Time per Section 
or Joint 

Man 

Minutes 

Layout, torch cut to length 

Remove from furnace with crane, place section 
m proper location over smaller section in forge 

1 

8 mm. per section 

3 sections 

24 

and swage 

3 

20 min per joint 

2 joints 

120 

Circumferential tack joints 

1 

4 mm per joint 

2 joints 

8 

Circumferential weld joints 

1 

15 min. per joint 

2 Joints 

30 

Inspect 

Total direct labor in man minutes 

1 

8 min. 

8 

.... 190 

Grade of labor required — Fair. 





Fabrication Costs of Tapered-Tube Booms — ^The following labor is 
estimated for fabricating the 5 -ton tapered-tube boom shown in the cal- 
culation in quantities of 100. The estimates are based on actual experience 
in fabricating booms and other tapered-tube sections and are therefore ac- 
curate. These labor hours are representative of the first tapered-tubc booms 
produced as well as future tapered-tube booms. 
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No of 
Men 


Time 


Man 

Minutes 

Shear one sheet for two tubes 

2 


9 min 

1 pair 

1 8 

Form to tapered tube 

2 

1 6 mm 

2 tubes 

64 

Weld longitudinal seam 

1 

22 

mm 

2 tubes 

44 0 

Weld ends of longitudinal seam — 

1 

5 

min 

2 tubes 

10 0 

Cold roll 

2 

8 

min. 

2 tubes 

32 0 

Inspect 

1 

8 

min 

2 tubes 

16 0 

Roll sleeve . 

1 

4 

mm 

Ipair 

40 

Roll chill strip 

1 

2 

mm 

1 pair 

20 

Insert chill strip and tack two tubes together 

2 

5 

mm. 

1 pair 

10 0 

Weld tubes together 

1 

15 

mm 

1 pair 

15.0 

Grind weld 

1 

10 

mm 

1 pair 

10 0 

Locate sleeve and circumferential tack both ends 

1 

7 

mm 

1 pair 

70 

Circumferential weld both ends of sleeve 

1 

28 

mm 

1 pair 

28.0 

Total direct labor in man minutes 

Grade of labor required — Fair 
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Burden Costs of Fabricating Pipe and Tapered-Tube Booms — ^Again no 
figures are available on the overhead costs in manufacturing pipe booms 
Suffice to say, the overhead on the automatic machines cannot run over 
a fraction of the cost of operating the drop forge while at the same time 
operatmg and supplying fuel for the furnaces necessary to heat the pipe section 
ends for swaging 

Material Costs of Pipe and Tapered-Tube Booms — ^No definite pnce 
schedule is set up on the pnce of pipe and large outside diameter tubing 
in large quantities* However, from what information the writer was able 
to gather, its price varies from 3^2 to ^ cents per pound in quantities suf' 
ficient for one hundred 5'ton pipe booms* Smce the pipe boom weighs 
1950 pounds, the matenal cost at 3V2 cents per pound will be $68 25. Add^ 
ing in 10 per cent scrap loss in cuttmg from random lengths, the material 
cost becomes $75.07. 

The tapered-tube boom uses plates which, in the quantity desired, will 
cost base price of $2.10 per lOO-poimds. Since the tapered-tube boom 
weighs 1628''pounds, the material cost at 2.1 cents per pound will be 
$34.19. No scrap loss will occur. 



Hg. 2. Ttplcnsl tapofed boom and Its lolnt 
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Proportionate Cost Savings on 5-Ton Tapered-Tube Boom Over Pipe Boom 

w. 1 . 75.07-34.19 

Material cost savings = = 54% 

Uborsavmgs - — - 2% (Eatmted) 

Burden savings 50% or more (Estimated) 

Proportionate Cost Savings on All Tapered-Tube Booms Over Pipe Booms 

Material cost savings = 50% 

Labor savings = 5 to 10% (Estimated) 

Burden savmgs = 50% or more (Estimated) 

Estimate Total Annual Gross Cost Savings Accruing from the Use of 
Tapered-Tube Booms Instead of Pipe Booms — ^According to “Manne En- 
gmeenng and Shipping Review” for Apnl, 1942, page 228, there are 
scheduled for completion in 1942 and 1943, 1478 EC2 “Liberty”'type cargo 
ships in addition to some 500 other oceangoing cargo ships All mdications 
are that these schedules are being met or bettered Each of these ships has 
anywhere from 10 to 14 cargo booms varying in capacity from 5 to 50 tons 
Therefore, there will be approximately 1000 cargo ships averaging 12 booms 
per ship or a total of 12,000 booms needed in the next fiscal year 

At least 90 per cent of the recommended pipe booms can be replaced 
by tapered'tube booms showing matenal cost savings in proportion to their 
tonnage The matenal savings on the 5'ton boom amounts to $40 88 so it 
should be very conservative to say that an average material saving of $60 00 
per boom should result If we manufacture 10,800 of these booms which 
would represent only a small fraction of our capacity, the savings in material 
cost would be at least $648,000 per year Add to this the appreciable labor 
and burden savings, particularly on the replaced five-section pipe booms 
which require four swaged joints, and the annual savings should run well 
over $800,000 per year 

Comparative Advantages of Tapered-Tube Booms Over Pipe Booms — 

1, They are stronger. In all cases they are designed to have a higher 
factor of safety based on yield point stress The service life is thus 
increased since the tapered-tube boom is able to absorb larger shocks than 
the pipe boom Failures do occasionally occur in pipe booms in testing 
or operation on cargo ships because of shock overloads 2, They are cheaper 
3, They weigh less. The weight saved may be replaced with additional cargo, 
thus resulting in more tonnage per tnp. 4, They may be purchased with better 
delivery schedules in emergencies Stock warehouse sheets may be purchased 
and sheared to the required site whereas the probability of obtaining large 
outside diameter pipe in the required sites and quantities is not good. 



Chapter X — ^Experimental 7^-Ton Refrigeration Plant 
By Wayne Buerer 

Assistant Professor, Mechanical Engineering, Mechanical Engineering Laboratory, 
Oklahoma Agricultural and Mechanical College, Stillwater, 0\lahoma 



Subject Matter: A plant for use in a college laboratory is 
provided with arrangements, such as thermometer wells, for 
measuring quantities which affect its operation. Arc welding was 
used for the greater part of the ammonia piping system. Instead 
of using elbows, the pipe was heated and bent to about lO'inch 
radius. The cost of this piping system was $51. The cost using 
usual methods with pipe threading would be $70, the saving 
being 27%. 


Wayne Buerer 


This refrigeration plant is experimental in that it is provided with devices 
for measuring all of the quantities which affect its operation and students 
can make experimental tests on it. The plant is not operated continuously 
but is used for student instruction at times when its operation will bear 
out some principle which is being studied in the refrigeration theory courses. 
The plant, therefore, stands idle part of the time, but is ready to operate 
whenever it is needed. 

One of the essential requirements of this type of operation is that the 
ammonia piping system should remain perfectly gas-tight with very little care 
or inspection. This requirement was met by bending all the ammonia pipes 
to fit in their respective places and then arc welding them in place. All 
screw fittings were eliminated except the valves to control the flow of the 
ammonia and the screw connections into the various pieces of apparatus. 
By this means it was possible to reduce the number of points at which leaks 
could occur to a minimum and at the same time the easy bends and welds 
give the whole plant a rather pleasing appearance. 

When the installation was completed, it was checked for leaks with air 
pressure and was found to be air-tight. It was then filled with ammonia 
and after several months no ammonia has been lost from the system showing 
that it is still perfectly tight. 

It is the belief of the writer that the methods which were used in the 
installation of this refrigeration plant are a great deal simpler than the old 
method of cutting and threading the pipe and using screw fittings. And the 
piping is a single unit, except for the control valves and the connections 
to the equipment. Although no repairs to the piping have, as yet, been 
necessary, repairs can be very easily made by pumping the ammonia out 
of the section where the repairs are to be made, cutting out the pipe, bepd- 
ing a new piece to fit and welding it into place. Additions to the piping 
can be made at any time by the same method. There is no need to unscrew 
a lot of fittings to get at the desired piece of pipe. 

Fig. 1 shows a schematic diagram of the piping. There are three systems 
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of piping shown in the drawing: (1), the steel pipes for the refrigerant shown 
by double or solid lines; (2), the pipes for supplying and measuring the 
ammonia condenser cooling water, shown by long dashes, (3), the brine 
circulating system, shown by short dashes. This paper deals largely with 
the first system because it is the only one m which welding was used to 
replace the screw fittmgs. The other two systems use galvanised pipe which 
is not so suitable for this kind of treatment. 

Starting at the ammonia compressor the gaseous refrigerant is com^ 
pressed to a pressure of approximately nO-'pounds per square inch. The 
compression warms the gas and at the same time oil from the compressor 
is apt to be picked up so the gas is passed through a device for separating 
the oil. The gas then passes mto the condenser where it is cooled and con" 
densed to liquid ammonia The liquid settles to the bottom of the condenser 
and flows into the ammonia receiver where it is stored until needed. A pipe 
leading from the bottom of the receiver draws off the liquid ammonia and 
It IS led to an expansion valve where its pressure is lowered as it expands 
into the bnne cooler. Heat from the brine evaporates the ammonia and 
the vapor is drawn off by the compressor to start the gases through the 
cycle again. 

The heat which is given up by the ammonia when it condenses is taken 
up by water which is circulating in the tubes of the ammonia condenser. 
This water, which is supplied from the city water mains, passes through 
the condenser tubes due to the city water pressure and is discharged into 
either of two 4" x 4" x 4"foot tanks to be measured volumetrically. Drainage 
from these tanks is allowed to run to waste 

The bnne is stored in a galvanfeed tank 4" x 4" x 8"feet and is drawn off 



Kg. L (left)# Sdiemciilc ^agrenii of piping. Kg. 2, (right). Frame to snpport the 
water-measuring tcmks. 
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by a centrifugal pump which discharges into the tubes of the brine cooler. 
In the brine cooler the ammonia absorbs heat from the brine, cooling it to 
the lowest temperature in the system. Since the whole plant is for expert 
mental purposes there are times when no ice is being made and at such 
times It is necessary to heat the bnne in the brine heater shown m 1* 
When the bnne leaves the brine cooler it passes through the tubes of the 
brine heater and from there it goes to either of two 4- x 4- x 44oot tanks 
for volumetric measurement Drainage from these tanks is returned to the 
4- X 4- X S^foot storage tank. 

In order to conserve the floor space and to obtain a more compact 
unit the 4" x 4'- x 4'foot measuring tanks were installed on a deck 7^feet 
lO^'inches above the floor level of the other equipment. The deck was 
supported on a framework of lOunch channel irons shown in rig. 2. The 
various pieces were cut from standard stock channel iron and were lab^ 
ricated entirely by electric welding The two longerons and the six legs 
were cut to the proper lengths. The legs were then placed back to back 
against the longerons as shown in Fig 3. Clamps were placed so as to 
hold them steady and they were adjusted in position till they were correctly 
located and were perfectly square with the longerons Tack welds were 
made at each of the corners, then beads were run clear around to secure 
a very strong and sturdy joint In order to properly align the cross-'members 
between the longerons, the structure was assembled in an upside down 
position. * The longerons were placed on the floor with the legs in a vertical 
position. Temporary supports were provided to keep the structure square 
and in proper alignment. Blocks were placed under the longerons so that 
they were parallel The cross-members were then put into place and tacked, 
one after the other till all five were in place. Beads were then run along 
the corners and filled till the proper strength was obtained 

The structure was then turned right side up, located in the proj^r 
position on the floor and concrete was poured around the bottom of the 
legs to hold them in place. Although no triangular bracing was placed 
in the structure there is very little swaying showing that this type of con- 
struction IS strong and rigid. The wooden deck, on top of the structure 
to support the measuring tanks, was not put m place till after the equipment 
had been installed on the mam floor. 

The main floor plan of the refngeration equipment is shown m Fig. 4. 
The equipment is placed so as to simplify the pipmg as much as possible. 
In most cases the pipes come out of one piece of equipment and connect 
directly into another piece 

A gas-fired forge, shown in Fig. 5, was made to heat the ammonia 
pipes for bending. These pipes were ^-mch and one-inch extra heavy 
weight and could not be bent without heating. A table, having a firebreak 
top, was built of angle iron and pipe using electric welding throughout 
An upright was placed at one corner of the table to support the burner. 
The burner was constructed as shown in the detail on Fig, 5. The burner 
is a simple mixing device for natural gas and air from compressed air tanks 
and a compressor. The gas and air were supplied to the burner through 
rubber hoses so that the forge could be moved from place to place. Loose 
fire bncks were placed upon the table about the piece to be heated so as to 
form a furnace and retain the heat By simply shiftmg the bncks it was 
possible to build up a furnace to heat pieces of a large variety of shapes. 
After a few minutes of pre-heating the bncks, the forge would heat a piece 
of pipe m just a few minutes to a cherry red, this being the correct 
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temperature for bending Measurements showed that the flame and furnace 
temperatures were around 1700 to 1900° F 

In order to handle the fire bncks on the forge it was necessary to make 
a special pair of tongs as shown in Fig 7 The parts of the tongs were cut 
to size, bent to the proper shape and electrically welded together. 

Vanous schemes for bending the pipe were tned and the most successful 
one was to heat the part of the pipe which was to be bent The pipe was 
then removed from the forge and gnpped with two bending irons as shown 
m Fig 6, being careful to gnp the pipe far enough away from the heated 
portion so that the bending irons would not dent the hot pipe. Pressure 
from the hands of the workman on the bending irons resulted m a clean 
bend of approximately 1 Ounch radius and it was a simple matter to secure 
any desired degree of bend No difficulty with kinking the pipe was experi- 
enced although that is the first thing an inexperienced person would expect 
Whenever it was possible to do so the exact shape of the pipes was 
determined by measurements of the position of one piece of equipment 
with respect to the other Full scale sketches were then made on the con- 
crete floor with chalk The heated pipe was placed over the sketch and 
could be bent to the required shape with little diflficulty. The pipe was 
then tned in place and any slight changes in shape could be made before 
the piece had completely cooled. Any large amount of bending always 

required re-heating i i r i j r 

To the uninitiated it might seem that with this method of bendmg the 
pipes It would be hard to secure a good fit but the water had never bent a 
pipe before the job was started, yet it was surprising how easily the pipes 
could be made to fit mto place, and line up and give a pleasing appearance. 
Whenever the openings in the equipment were provided with screw 



fig. 3, dafi). Details of voUIna ftom* lobXt. n«. 1. (dgliO. TIoor plan. 
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connections it was necessary to make short pieces of pipe with threads on 
one end and bevel them for welding on the other. These stubs were made 
long enough so that the heat from the weld would not loosen the threads. 
The threads were coated with a rather thin mixture of htharge and gtycerine 
and were screwed into place. The pipes were cut off square and then beveled 
in order to secure good penetratign for the weld. Fig, 8 shows the cross 
section of a weld. The best results were obtained by running a small 
with plenty of heat all the way around in the bottom of the groove. The 
groove was then filled usmg a moderate amount of heat, running a good 
bead clear across the groove Extreme care was necessary to make st^ 
the welding puddle did not cool at the edges between traverses of the 
welding rod across the groove. Any appreciable cooling was almost sure 
to result m pinhole leaks. It was necessary to start a nw puddle about two 
ndges back from the end any time that the arc was discontinued Also, at 
the end of the weld, after the pipe had been completely encircled, it was 
necessary to lap over the first part of the weld a little, being careful to have 
a good full puddle before the arc was broken ofiF. 

Whenever it was possible to do so each weld was tested with air pressure 
as soon as it had cooled, to determine whether any leaks were present. 
Whenever pm'holcs were found a round nose chisel was used to gouge 
out the pm hole. The hole was then filled with a good hot bead and little 
difiSculty was encountered in stoppmg the few pin-holes that were found. 

In order to measure the temperature of the ammonia at various places 
in the system it was necessary to make thermometer wells and weld them 
in the piping Fig 9 shows the two kinds of wells which were used, one for 
a hori 2 ;ontal location and the other for a vertical location. The procedure 
in making the wells was to thread the pieces of quarter-inch pipe and cut 
them off about 4-inches long The unthreaded end was heated in the gas 
fired forge and peened over till it was nearly closed The hole was closed 
with a small weld The piece was then tested for leaks with air pressure* 
The body was then cut to length, heated and peened over. The quarter inch 
pipe was welded into one end of the body and tbe other end of the body 
was welded shut A hole was cut in one side of the body and one of the 
stub pipes shown in Fig 8, was welded into place. The stub was then 
screwed into an air pressure connection to test the body for leaks. A thin 
solution of soap and water was used to show up any pm holes. When the 
body was shown to be tight a hole was cut on the opposite side of the body, 
exactly in line with the stub pipe, then the stub pipe was screwed into an 
outlet and the pipe line could be welded into the hole. By testing each weld 
before the next piece was applied it was possible to chmmate any chance 
for leaks in the finished thermometer wells. 

Comparisoii of Cost — ^In order to compare the cost of welded construc- 
tion with other methods of fabncation, standard construction practice was 
resorted to whenever practicable. For instance, standard refrigeration screw 
fittmgs could have been used in place of bending the pipes and welding 
them. Also, in the case of the steel structure to support the tanks on the 
upper deck, fabncation could have been accomplished with vanous sorts 
of splices which could have been bolted into place. 

The cost of welding was figured from data in ''Procedure Handbook 
of Arc Welding Design and Practice.'” In some cases it was necessary to 
make approximations because there was no data on the exact type of weld 
which was being made In each case, a comparative method is discussed 
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drawing largely from the experience of the author in the estimation of the 
time required to do the various operations required 

In order to estimate the cost of welds made manually with a shielded 
arc the following assumptions are made: 

Labor $0.75 per hour 

Power $0.02 per Kw. Hr. 

Electrodes $0 095 per lb. 

Efficiency of machine 50% 

Cost of Fabricating the Steel Frame to Support the Water Measuring 
Tanks — ^In Fig. 3 the detail of a welded corner of the steel structure is 
shown. In order to fabricate this corner by means of bolts, instead of welding 
it would be necessary to drill holes through the web of the leg and through 
the web of the longeron and bolts could have been inserted in the holes to 
hold the pieces together More holes could have been drilled through the 
flange of the leg and through the web of the cross^member using more 
bolts. Referring to Fig. 2 it is seen that six joints could have been made by 
this means. The two remaining cross^members could have been bolted into 
place using pieces of angle iron m the comers. 

The purpose of the frame was to support the tanks for volumetrically 
measuring the condenser cooling water and the brine. The measuring was 
done in four tanks 4- x 4" x 4-'feet and two of the tanks were placed at either 
end of the frame so as to be supported by the end cross^member and the 
the one next to the end, each member supporting half of the weight. A floor 
of 2^inch x d-'inch lumber was built on top of the frame and the tanks 
rested on the floor. In order to estimate the strength required at each joint 
it must be assumed that there would be times when all four tanks would 
be full of water at the same time and the joints would have to be made 
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strong enougli to support this weight with an allowable degree of safety 
The volume of water in the two tanks at either end is 4x4x4x2 = 128 
cubic feet. Water weighs approximately 62.4 pounds per cubic foot and 
this woiJd be 128 X 62 4 = 7990''pounds or roughly 8000-pounds The 
tanks were made of J4-inch thick steel plate and weighed 720-pounds each, 
or 1440-pounds on each end of the steel frame The total weight of the 
floor was 840-pounds and this weight was approximately the same on each 
of the five cross-members or 168^pounds on each The American Standard 
channel iron from which the structure was made weighed 15 3 -pounds per 
foot and this makes the weight of the 9-foot cross-members 137-pounds and 
the 18-foot longerons 274-pounds. The weights which each cross-member 
would have to support is shown in the following table* 


The two end cross-members 

Weight of water 4000 lbs. 

Weight of tanks 720 lbs 

Weight of floor 1<5S lbs. 

Weight of cross-member. 137 lbs. 


Total - 5025 lbs. 

Or roughly- ^ 000 lbs 

The two cross-members next to the ends support the same amount. 
The middle cross-member would support 

Weight of floor. 168 lbs 

Weight of cross-member. — 137 lbs. 


Total 305 lbs. 


The two end cross-members are supported by the two end legs and 
usmg a safety factor of 6 and remembering that each leg would take half 
the weight, the force to be transmitted by the bolts is: 

Total force = ^ ^ 15 - qoo lbs. 

The allowable shearing stress of bolts is approximately 9000 pounds per 
square inch and the total area required for the bolts is: 

1 1. 1 15,000 

Total bolt area = — — — = 1 66 sq m. 

The area of a |4^inch bolt is .441 -square inches and four bolts would 
have an area of 1.766-square inches which is a slight error on the side 
of safety 

In like manner it can be shown that the number of bolts required for 


the various joints would be* 

End cross members to the legs — — 16 

Next to end cross-members to longerons 32 

Middle cross-member to middle legs 4 

Longerons to end legs. 8 

Longerons to middle legs 12 


Total number of bolts 72 

The bolt si2;e is %- X iV^dnches. 

Cost of 72 bolts 14" X iV^diiches 7.88 

Cost of 72 lock washers su;e 54-inch 4.61 


Total cost of bolts.. $12.49 



SECTION IX— MACHINERY 


859 


In order to insert the bolts it would be necessary to drill holes in the 
various pieces Assuming a dnll press to be available the various pieces 
would have to be moved up to the drill press and set into place for drilling 
This work is assumed to be about equal to that which was required to set 
the pieces in proper alignment for welding so that this part of the cost of 
one method about offsets the cost of the other method and need not be 
compared. 

The actual cost of drilling the holes can be estimated using twice the 
number of bolts for the number of holes to be drilled because two pieces 
are bolted together with each bolt. Assuming an average of 2 minutes to 
locate and center punch each hole the total time would be 

2 V 144 

Center punching time = =48 hours 

Assuming $0.75 per hour for the labor this is $3 60. The time required for 
drilling the holes can be estimated assuming the cutting speed of structural 
steel to be lOOffeet per minute with a feed of 0 OlO-inches per revolution 
of the drill. The circumference of a %''mch hole is 2 36dnches and to get 
a cutting speed of lOOTeet per minute a drill speed of 510 revolutions per 
mmute would be required With a feed of 0 OlOunches per turn the dnll 
would advance 5.1 "inches per minute. The average thickness of the metal 
to be dnlled is J4"inch and if another J4dnch is allowed for the depth 
the point of the dnll would have to advance before it cuts a full 
diameter of the hole this would give of travel per hole. The 

total dnll travel would be V 2 ' X == 72"inches. And the time required 
would be 72 5.1 = 14 12 minutes. Assuming $0 75 per hour for the 

labor of the drill press operator this would be (14.12 X 0.75) 60 = $0.18. 

This assumes no wear and tear on the drill press, breakage of drills, power 
cost, etc. 

After drilling the holes it would be necessary to assemble the frame This 
would likely require two men. Assuming 10 minutes per bolt for aligning 
the holes, and inserting and tightening the bolts this would be (10 X 72) 
-4- 60 = 12 hours. Assuming each operator receives $0.75 per hour this 
would be 2 X 0 75 X 12 = $18 00. 

The total cost of bolting the frame together can be summarisjed thus: 


72 — ^"inch X ll/ 2 dnch Machine Bolts $ 7.88 

72 — %-mch Lock Washers 4.61 

Cost of centerpunching 144 holes 3 60 

Cost of drilhng 144 — ^-inch holes 0.18 

Cost of mserting and tightening bolts 18.00 


Total cost $34.27 


Referring again to Fig. 3 it can be seen that the length of weld necessary 
in each corner is four times the depth of the channel iron plus four times 
the width of the flange or 

4 X 10 =40 0 

4 X 2.625 = 10.5 


T otaL 50,5 "inches 

All six legs were joined to the frame by means of idie same kind of a weld 
making a total of 50.5" X 6" = 303"inches of weld. The two cross^members 
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Fig. 8, (above). Cross section ol welded end bend; Fig. 9, (below). Delail of ihemometer 

wells. 


next to the ends were joined to the longerons by four welds which were 
15J4''inches each or a total of 61 "inches. The total length of welds in the 
frame was 


303 + 61 
12 


= 30 33"feet. 


The welds were similar to those described in the "Procedure Handbook'’ 
covering^ lap and fillet welds, vertical position and the following information 
was obtained from that source: 


Joint 

Passes 

Electrode si5;e 

Current 

Minimum Volts 

Welding speed, ft./hr .1 

Lb. of electrode per ft of weld 


plate 

1 . 

130 amp. 
25 
18 
.23 
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The actual cost of welding the steel structure can be estimated thus: 


Labor == .75 18 == 04166 

Power = (130 X 25 X .02) (.5 X 70 X 1000) = 00186 

Electrodes = 23 X -095 = 02185 


Total cost per foot $ 065 37 


Since there is 30 33-feet of weld the total actual cost of welding was 30.33 
X .06537 = $1 98. This cost is based on actual welding time only, no time 
being allowed for fatigue of the operator, changing of electrodes, fit-up, etc. 
Omittmg the fit-up the other factors can be assumed to increase the cost 
by about four times makmg the actual cost $7 92. It was assumed under 
the bolt construction that the fit-up time for welding was approximately 
equal to the handling time for dnllmg and assembling so this part of the 
cost need not be considered. 

Cost of Assembling the Ammonia Pipes — ^In Fig 1 a simphfied schematic 
diagram of piping is shown The ammonia piping is the only part of the 
system which was assembled by bendmg and welding and this part will be 
compared with assembly by means of screwed fittmgs 

A count of the various bends and connections which were actually made 
showed that the following pieces would be required if they were made up 
by means of screw fittings. 



For 1-Inch Pipe 
Number Cost 

For !/ 2 -Inch Pipe 
Number Coat 

Tee 

9 

$4 86 

4 

$1.64 

Elbow 

13 

4 68 

16 

4.32 

45" Elbow 

8 

3 60 

* 8 

2.56 

Union 

3 

1 95 

7 

2 87 

4'in nipple 

9 

0.90 

3 

0.21 

Total costs 


$iy 99 


$11.60 

Total cost of fittmgs . . 


.$1? 99 

+ 1 1 60 = 

$27.59 


The time required to assemble the pipes and fittings can be estimated, 
determining the time for the various operations There would be 70 pieces 
of pipe necessary to connect the fittings together 

Total time 

Determining the location of fitting and measuring the length of 

pipe, 10 min./pipe 700 min 

Cutting off the pipe, 2 min./cut 140 min. 

Cutting threads on each end of pipe, 15 mm /pipe 1050 mm. 

Starting threads and tightening pipe into fittings, 5 mm./pipe.— 700 mm 

Total time 2590 min. 

To this should be added about of the estimated time for inci- 
dentals 647 min. 


Total time 3237 min. 

3237 X 75 

At 75 cents per hour this would be: — = $42.00 for labor. 

No valves for controlling the flow of the ammonia is included in this esti- 
mate because the same number of valves would be required by either method 
of assembly. 
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In order to assemble the ammonia pipes by bendmg them to fit and 
welding them into place without screw fittings the time was consumed thus: 

Total time 

Measuring the position of one outlet in relation to the 

outlet to which it was to be connected, 10 outlets.. 10 min /out — 100 

Laying out full scale sketches on the floor, 20 mm /out — 200 

Heatmg the pipe, 45 bends 5 min./bnd — 225 

Making the bend, 45 bends 2 mm /bnd — 90 

Trying the pipes in place, 17 pipes 10 min /pipe — 170 

Re^bends, heating and bendmg 23 bends 7 min /bnd — 161 

Cutting off pipes, 17 pipes 1 end 2 mm /cut — 34 

Cutting holes for Tee outlets, 13 Tees, 2 min /Tee 26 

Total time 1006 mm 

Incidentals to be added (% of total time) 251 

Total time 1257 min 


Cost of bending and fitting pipes at 75 cents per hour for 3 men 


3 X 1257 X 75 
60 


= $47 16 


In order to keep the gas fired forged ready for use as it was needed for 
heating the pipes it was kept going continuously. The consumption of 
natural gas was 'approximately 170"cubic feet per hour at a cost of 40 cents 
per 1000-cubic feet making the cost of the gas 


1257 X 170 X 40 
60 X 1000 


= $1424 


The average weld that had to be made on the pipes was a 60'degree V’d 
butt weld and the following information was taken from the ‘'Procedure 
Handbook:” 


Kind of joint, V^un pipe Lin pipe 

Wall thickness, 147un 179-m. 

Electrode si 2 ;e, l/Q-m Vs'in. 

Current, amps, 100 110 

Minimum arc volts, 23 24 

Actual welding speed, ft /hr , 22 20.5 

Lb. of electrode per ft of weld, 25 30 

Cost of welding y24nch pipe 

Labor = .75 -r- 22 = 03410 

Power = (100 X 23 X 02) — (.5 X 22 X 1000) = 00418 

Electrodes = 25 X 095 = .02375 


Total cost per foot $.06203 


There were 19 welds on the Vz'mch pipe making a total length of weld of 
50J6uhches or 4.18-'feet The total cost of these welds was 4.18 X -06203 
= $.259. 
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Cost of welding 1-incli pipe: 

Labor == .75 20,5 = - ,03658 

Power = (110 X 24 X .02 ) -4- (.5 X 20.5 X 1000) = 00515 

Electrodes— .30 X .095 = - — - - .02850 


Total cost per foot„. $.07023 

There were 15 welds made on the Idnch pipe making a total length of weld 
of 53.82 inches or 4.48Teet. The total cost of these welds is 4.48 X .07023 
= $.3146. 

This cost is based on actual welding time only, no time being allowed 
for fatigue of the operator, ‘change of electrodes, fit-up, etc. These factors 
can be assumed to increase the cost of welding by about four times or 4 X 
(.259 + .3146) = $2.39. 

The total cost of assembling the ammonia pipes by bending and welding 


is thus: 

Labor for bending and fitting. - ....$47.16 

Natural gas for the forge 1.42 

Welding - - - 2.29 


Total cost.... $50.87 


Cost of the Gas-Fired Forge — coahfired blacksmith's forge having a 
capacity about equal to that ®f the gas'fired forge which was built for this 
installation can be purchased for $45.00. 

An alternate method of construction would have been to have made 
the legs of angle iron instead of pipe and to have bolted the legs to the 
angle iron tip. The angle bracing could have been bolted to the legs and 
to the top. Framework could have been built up and bolted into place to 
hold the burner. And the burner could have been built up from standard 
pipe fittings. Cutting the pieces to length for bolted construction would 
probaWy cost about as much as cutting the pieces for welding as shown 
in Fig. 5, and need not be compared. Also the cost of material is about 



rig. 10, (leit). Welding In one comer oi Bleel fromeworlc. fig. 11, (4gll®* Bent pipes. 
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the same in cither case The cost of the other items which are comparable 


can be estimated as follows* 

Cost of 26 — f^-mch X l^mch machine bolts. $0.68 

Cost of dnllmg 52 — J^-mch holes, at 5 min. per hole for locating, center 

punching, and dnllmg 2 60 

Assembling the parts, inserting and tightenmg bolts. 75 

Pipe fittings for the burner 

1 — Ij^'inch X 1 'inch reducer. 15 

1 — l]4'inch X 4''inch nipple 11 

1 — Ij^-dnch X Vz'inch X %'inch reducmg Tee 26 

Assembling the burner and getting it to work 75 


Total cost $5 30 


The cost of weldmg on the gas fired forge can be broken down mto several 
steps. The table top was made of 1 J^'mch x 1 ^'inch x J^^mch angle iron 
welded in each corner. The top was welded together in a flat position and part 
of each weld was flat and part was vertical. At each corner the flat part was 

+ 1.5^ = 2.12 'inches and the vertical part was 13 ^ 'inches and for 
all four corners the welds were: 

Total vertical = 1.5 X 4 = 6'mches. 

Total flat = 2.12 X 4 ^ 8.48'inches. 


For a vertical butt weld the ‘‘Procedure Handbook’’ 
IS given: 

Kmd of jomt 

Passes 

Electrode si 2 ;e 

Current, amps 

Mmimum arc volts 

Actual welding speed 

Lbs. of electrode/foot 


the following information 

M'lnch 

1 

3^'inch 

110 . 

25 

15'ft./hr. 

.24 


The cost of this kmd of a weld per foot is 
Labor = .75 -M5 = 


Power = -.^AP X X 

.5X15X1.000 
Electrodes = .24 X .095 = 


.05000 

.00733 

.02280 


Total cost per foot. 


.$0.08013 


Total cost of vertical welds on the table top = X .08013 = .0400 


For the part of the welds on the table top, which 
tion, the “Handbook" gives: 

Kmd of jomt 

Passes 

Electrode size 

Current, amps 

Volts 

Welding speed 

Lb. electrode/foot 


were made in the flat posi- 

M-inch 

1 

5^^ch 

130 

25 

— 17.5'ft./min. 

.11 
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The cost of this kind of a weld per foot is: 

Labor = .75 - 17.5 = 

„ 130 X 25 X .02 

.5 X 17-5 X 1,000 

Electrodes = .11 X .095 


04280 

.00744 

01045 


Cost per foot $0.06069 

1 . ra . v> 8.48 .... 


Total cost of flat welds on the table top is .06069 X 


$0.0428 


Total cost of welds on table top = .040 + .0428 = $0.0828 
Welding 4 legs and 1 upright column of 13^'inch pipe to the angle iron 
top required a total length of weld of 

5X1.9X3.141^ .^^^^^ 


The wall thickness of the pipe may be found from the inside and outside 
diameters 

Outside diameter 1.900 

Inside diameter 1.610 


.290 

The wall thickness is half of this or .29 2 = .145 inches. 

The weld which was used in this case was for fillet welds, flat position* 

Kind of joint — 145'inch pipe on J^^mch plate 


Passes 1 

Electrode sizie M^mch 

Current, amps 190 

Minimum arc volts 30 

Actual welding speed, ft./hr 45 

Lbs. of electrode per foot 155 

The cost of this kind of a weld per foot is 

Labor - .75 45 = 01660 


Power = 


190 X 30 X .02 
.5 X 45 X 1,000 


Electrodes == .155 X .095 ~ 


.. .00506 

.01472 


Cost per foot $0.03638 

The total cost for weldmg the legs and upright to the table top is 
.03638 X 2.49 = $0.0904 

The braces for the legs were J^-inch rod welded to the leg on one end and 
to the angle iron on the odier. The circumference of a 3^-inch rod is .5 X 3.1416 
= 1.573^inches. Eight rods were used and were welded on both ends making a 
total length of (1.573 X 8 X 2) 12 — 2.10''feet. The table was turned for 

each weld so that the weld was in the flat position. This makes the set-up similar 
to the V’d butt weld flat position, if it is assumed that penetration is half way 
through the rod at all times. This is the same kind of weld as that which was 
used to weld the flat parts of the corners of the table top and cost $0.0609 per 
foot. In this case the total cost of welding the leg braces is: 

0.0609 X 2.10 = $0.1274. 

In order to make the two thumb screws shown in Fig. 5 it was necessary 
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to weld handles on half'inch bolts. The length of the weld on each was twice 
across the head of a half'inch bolt plus twice the thickness of the handles or: 

2 X .75 + 2 X .1875 = 1.875^inches. 

There are two handles and the total length is : 

(2 X 1.875) -M2 = 313 'feet. 

The welding procedure is tabulated in the “Handbook” for a J^g^mch plate 
and the cost figures up to $ 0.03636 per foot. This brings the welding of the 
thumb screws to: 

.313 X .03636 == $0.01135. 

The fitting to clamp the burner to the support was made by welding two 
half'inch nuts to short pieces of pipo and welding the two pieces of pipe together 
Total length of weld is all the way around two J^-inch nuts and approximately 
4 inches to weld the two pieces of pipe together or 

2 X 6 X % + 4 = 5:25 + 4 = 9.25'mches. 

Cost per foot is assumed to be equal to the cost of weldmg the handles onto 
the bolts for the thumb screws or $ 0 . 03636 . 

Total cost = (9-25 X . 03636 ) -i- 12 = $0,028. 

The burner was made of various thicknesses of material and the average 
thickness can be assumed to be approximately ?^'inch and the average wdd is 
a fillet weld, flat position making the cost $0.03636 per foot. The length of the 
weld is: 

Around a 1 J^'inch pipe to weld the reducer 

to the pipe = 1.9 X 3 1416 = 5.98'inche8 

Around a 1 Hdnch pipe to weld the plate on the 

back end of the burner = 1.9 X 3-1416 = 5 . 98 ^inches 

Two welds around a ^'inch pipe for the air 

supply = 2 X .675 X 3-1416 = - 4 . 25 'inches 

Welding the bolt for supporting the burner to 

the burner = X 3.1416 = 1 . 57 -inches 

Total length 17 . 78 'mche 8 

Total cost of welding = ( 17.78 X . 03636 ) ^ 12 = $ 0 . 0538 , 

The total cost of all the welding on the gas fired forge can be summarised thus: 





__ __$0.0828 

T Off® cinri iTnnorfit* rinliiTnn 



... . 0.0904 




0.1274 




... 0.0114 

Nuts on fitting and fitting. — 
Burner 



0.0280 

0.0538 

Total cost of welding- — 



-$0.3938 


This cost IS based on actual weldmg time only and other factors entering 
into the cost would bring the cost up to: 

Weldmg cost $0.3938 

Labor and incidentals — — - 3.0000 


Total cost of the forge. — -*$ 3.39, 

Fig. 6 shows a special tool which was made to facihtate the pipe bendmg. 
This tool would not be needed in the event of erecUon of the ammonia 
pipes with screwed fittings and the cost of making this tool is added to the 
cost of the bending and welding method without having any counterpart 
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Fig. 12. Two welded thennometer wells «cr:i inlet and outlet to ommonia compressor. 
Fig. 13. Welded thennome1©« well in horizontal location. 


in the former method with which dCs cost can be compared, 
these two irons can be estimated thuw: 

79 inches of Idnch diameter round rO‘l.. 

Cutting the pieces from the bar 

Heating and bending the jaws 

Welding the jaws to the handles'®^ 


The cost o 

$1.4( 

1 ! 

3! 

o: 


Total coist ....$1.9^ 

♦Estimated for a plain butt weld in the position with 50% penetration. 

Fig. 7 shows a pair of tongs whicii ws made to handle the bricks on th< 
gas fired forge furnace. Pieces of stock material were used to make th< 
various parts and these parts were welded together. A pair of tongs oJ 
approximately the same si 2 ;e and sharpie could have been purchased on th< 
, open market for $2.00. 

The price of the tongs as they were iDsade was: 

Cost of material 

Small piece of ^'inch pipe $0.0288' 

2 Jaws ..... 0.1000 

2 Hinge pieces — .... 0.1180 

2 Handles 0.3870 

Cutting the material to lengths. — . — — . 0.3500 

Bending the jaw pieces — ... 0.2000 

Drilling the hinge holes — ..- 0.5000 

Welding 

Lips on jaw8.....« 0.0197 

Jaws on hinges ... .................... — 0.0133 

Hinges on handles ................. 0.0520 

Total ...........$1.7188 

Fig. 9 shows the welding oft the thermometer wells. These wells coul< 
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have beea made up using standard pipe fittings and the cost would have 
been: 

For location m a honsjontal outlet 
2 — 1-inch Tees— (extra heavy) 

2 — ^Thermometer wells 

For location in a vertical outlet 
5— 1-inch Tees— (extra heavy) 

5 — ^Thermometer wells 

Screwing the fittmgs in place. — 


Total cost $11^ 

The cost of welding the thermometer wells can be estimated thus 
For a horizjontal outlet- 

Welding the closed end of the %'in, pipe $0 00926 

Welding the bottom of the body shut. 0 01313 

Welding the ]/ 4 'm pipe into the body 0 00464 

Welding the well into the pipe line 0.01808 


Cost for 1 well $0.045 1 1 

For a vertical outlet: 

Welding the closed end of the y^'in pipe $0 00926 

Welding the pipe into the body. 0 00464 

Welding on the side outlet pipe 0.00904 


Cost for 1 well $0.02294 

Cost of welding 2 hori 2 ;ontal wells $0.09022 

Cost of welding 5 vertical wells 0.11470 


Cost of welding all wells $0.20492 


This cost is based on actual welding time only and must be increased due 
to the time required to cut the pieces, peen over the ends of the pipe, fit 
the pieces together and test the welds for leaks. This is estimated to be 
10 times the cost of welding which brings the cost of the welded thermom'' 
cter wells to: 

Welding $0 20492 

Making up — — - 2 04920 

Total cost........... $2.25512 or $2.26 


Summary of Costs 



Standard 

Practice 

Welded 

Construo 

tion 

Actual 

Saving 

Saving In 
% of Sfd 
Praedet 

Cost of assembling the steel frame 

$ 34.17 

$ 7.92 

$26.37 

76.8% 

Cost of assembling the ammonia pipes 

69 10 

50-87 

18.83 

27.0% 

C^st of thermometer wells ..... 

10.20 

2.26 

7.94 

72.7% 

T otals .......................................... 

$114.17 

$61.05 

$71.12 

47.6% 

Com of auxiliary equipment. 

of the gas fired forge.. 

0>ft of the bending irons... .... 

$ 5.30 

$ 3.30 

1 2.00 

37.7% 

none 

1.92 

non« 

nona 

of the tonga 

2 00 

L71 

0.6S 

34.0% 


.$ 1.20 
. 1 50 

. 3 00 
. 3 75 
. 0 75 
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Fig. 14. Refrigeration plant completed. 


The gas-fired forge and the tongs would not be needed for the installa- 
tion of the pipes by means of standard practice but are listed for comparison 
with the welded construction method. The auxiliary equipment listed under 
welded construction were in good condition when the installation was com- 
pleted and could have been moved to the next job, if another installation 
was to have been made, and the cost of their construction on the next job 
would not be necessary. 

Conclusion — It is evident from this cost comparison that the gross saving 
accruing from the use of welded construction would be very large. Of course 
the steel structure which was installed in this case would not be necessary 
in connection with ordinary refrigeration plants and for that reason this 
installation was more or less a special case. However the ammonia piping 
system is the same as that used in standard refrigeration systems and in 
this connection a saving estimated to be in excess of one fourth of the 
installation cost was effected. And the neat appearance of the bends and 
welds enhances the value of the entire installation. 

Advantages of Welded Construction — 1, The ammonia pipes remain 
perfectly gas tight with little inspection or care; 2, The points at which leaks 
could occur are reduced to a minimum; 3, The easy bends and welds give 
the whole plant a rather pleasing appearance; 4, After several months no 
ammonia has been lost from the system showing that it is still perfectly 
tight; 5, Bending the pipes and welding them into place simplifies the instal- 
lation; 6, The piping is a single unit; 7, Repairs can be made easily by sitoply 
pumping the ammonia out of the place to be repaired and cutting out the 
defective piping and bending and welding a new piece of pipe into place; 
8» Additions to the ammonia pipes can be easily made; 9, The welded steel 
^rtttture m quite rigid without the aid of triangular bracing. 


Chapter XI — Special-Duty Steel-Plate Fan 

By C. Donald Fisher, 

Designer and Draftsman, Sprout, Waldron and Co., Muncy, Pennsylvania 



Subject Matter; For conveying away the product of attrition 
mills and heavy-'duty cutters manufactured by a company, ccn^ 
trifugal fans about 2 or 3 feet in diameter were required. If 
purchased fans were used, they were subject to the disadvan^ 
tages that deliveries were uncertain, in many cases the air pres-* 
sure was too low unless the fans were belt- driven at higher speed 
and the cast iron fan blades were designed for air only, and 
being rough, would choke up with material. By building their 
own fans with arc welded construction, the company not only 
overcame these disadvantages, but lowered costs as well. The 
average saving by using the welded fan was 5 5 per cent. 


C. Donald Fisher 


The object of this article is to present the advantages of an arc welded 
fabrication as it concerns the development, design and manufacture of a 
new product by a small manufacturer. The new product was a speciahduty 
steehplate fan for which the company with which I am connected had a 
limited sales outlet. This standard type of fan had formerly been bought 
outside and served as a secondary unit to service our primary machines. 

An effort will be made to show that, due to welded construction, the 
necessary development stage of this special fan could be made at a low cost. 
A low-cost of development is a positive necessity if a small company is to 
compete successfully in a field dominated by large manufacturers. It is 
assumed that the small manufacturer has a relatively limited sales outlet 
and that his manufacturing facilities are not subject to mass production 
methods. 

It will also show that, because of the welded construction, this fan, (Sec 
Fig. 1), could be manufactured economically and, thus, make possible the 
profitable sale of this fan in a competitive market. 

The fan under consideration is designed for handling air in combination 
with heavy concentrations of finely ground material. The power applied to 
the fans varies from 2 to 10 horsepower, and the pipe si2;e of the inlet and 
outlet ducts range from 6-inches to 8-inches in diameter. Fig. 2 and Fig. 3, 
show the various sizes of both the motor-driven and belt-driven fans. 

In order to sell a complete installation, small companies are often forced 
to sell secondary equipment which they do not manufacture. This secondary 
equipment must operate along with the primary units, of the small manu- 
facturer’s own make, and upon the efficient and trouble-free operation of 
the secondary units will hinge the success or failure of the entire installation. 
In order to meet competition, these secondary units must be bought and 
sold at a profit that is small in proportion to the responsibility entailed 
for their succe^ssful operation. 

To meet some special applications, standard 'types of machines must 

870 
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Fig. 1. Steel-plate fan. 

sometimes be run under conditions unfavorable to their efficient operation. 
It happens also that the sise, capacity and driving arrangement of some 
standard secondary units are very much out of proportion to what would 
be the actual requirements of a machine built especially for the work. 

The small manufacturer will find it nearly impossible, economically, to 
buy tailor^built machines to service the large units of his installations, assume 
ing a relatively small number of large units are to be sold. 

As a consequence of this condition, oft, times the builder will be forced 
to buy standard secondary units outside and absorb, as best he can, the 
higher cost and pass along to his good customer an inefficient operating 
machine. 

The company with which I am connected was up against exactly this 
condition in the installations of their attrition mills and special heavy-duty 
cutters, * 

The fans that we were using to convey the processed material away 
from these units were of an outside manufacturer’s standard make and were 
not designed specifically for the purpose for which we were using them. As 
a consequence, the operation of these fans was oft, times quite unsatisfactory 
witffi the result that the operations of the entire installation would be 
condemned. 

The fans we had been buying were primarily designed for handling air 
whereas the fans, to suit our requirements, should have been designed for 
handling heavy concentrations of finely ground ■ processed material in con^ 
Junction with air. TTie fans were of cast Iron construction, and, while this 
material has very desirable wearing properties, it, nevertheless, has very 
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Tindesirable performance characteristics when the fan is new The rough 
inside surface of the spiral casing collects the finely ground material 
builds up until the fan is completely choked This rough si^face condition 
will wear off after several months of operation, but, nevertheless, it would 
be very desirable to have maximum capaaty and efficiency for tlie new 

installation , , c ^ i 

The pressure characteristics of these fans were such a_s to make it 
impossible to directly connect the fan impeller to the spmdle of a 1760 
revolutions per mmute motor. To develop the required pressure, a speed' 
up V'dnve would be required with a corresponding increase in price as a 
shaft and bearings would be required for the fan. The V-belt drive and 
supporting base for the fan and motor would also further increase this price. 

Fully realizing the design shortcomings and expensive drive arrangement 
of these standard fans, a decision was made to design and manufacture an 
experimental fan 



Fig. 2. Fan and bearing support assembly. 


Development of Fan — The decision to manufacture this fan was made 
possible by the fact that we could fabricate it with the electric arc. Had it 
been necessary to make patterns, obtain necessary steel castings and machine 
castings, it would have been economically impossible for us to have produced 
this fan or others like it m a competitive market. A preliminary survey 
showed that, by using plates and the electric arc, we could manufacture 
the fans with absolutely no other machining work than that required to 
bore and key seat the fabneated fan impeller 

The experimental fan was engineered to suit exactly the air requirements 
for one of our jobs The entire details of this experimental fan were worked 
out on one drawing size Id-'inch x 2hmch, Of course, considerable experi- 
ence with this type of fan was necessary before this design could be made. 

An experimental fan was actually manufactured in our shop for a cost 
of $55. The cost covers material, labor and 180% for shop overhead. No 
breakdown of this cost will be given as, for a single unit of this type, any 
breakdown in cost would be meaningless 

Two slight revisions were found to be necessary from the results of field 
tests. It was found that the fan impeller needed reinforcing to withstand 
the impact of heavy particles entering along with the air stream* As this 




SECTION IX— MACHINERY 


873 


fan was now 100% under our control, this defect could be remedied by 
simply revising the drawing and recalling the prints from our shop. This 
experimental fan was tested under field conditions in which an outside manu- 
facturer’s standard fan had been rendermg very poor service. 

Our fan clearly demonstrated its superiority over the standard fan and 
convinced us that the design of the fan was sound. The smooth surface 
of the steel sheets on the inside of the fan was so self-cleaning to the finely 
ground product that we found we could reduce the horsepower applied 
to the fans by approximately 2?% less than for the cast iron fans and still 
obtain satisfactory operation 

With the conclusion of these tests on our experimental steel plate fan, 
it could be safely said that our development work was practically com- 
pleted The experimental fan was ready for test approximately one week 
after the tracings for the fan had been completed The tests were completed 
in approximately two months on an actual field job. The entire development 
cost on this fan would not be over $300. 

Design of Fan — ^The cost of the experimental fan had been considerably 
lower than the cost of the comparable cast iron fan obtained from an outside 
manufacturer. The results of the tests were also so successful that we 
decided to manufacture a line of fans to suit our particular requirements. 
These fans would be designed for direct motor drive, but, at the same time, 
provision would be made for belt-drive so that the unusual operating condi- 
tion sometimes encountered could be handled. 


Table I — ^Bill of Material 

Heavy Duty Fan for No. 3 Products Collecting System 
To Be Used With 7% H.P. Motor, 1750 RJP.M. 

No. Pcs, Description 

1 Fan Side and Motor Support — Use Arrangement No. 3 for Mounting Motor 
Weld Plate 21J4'' — Cut from Fan Housing to Fan Side 

4 X Machine Bolts with Cut Washers 
1 Fan Housing — See Order (Clockwise as Shown) 

For No. 3 Pneumatic System (Counter Clockwise Opposite) 

4 Studs y^^ Long — Double Refined Iron 
4 y^*^ Wing Nuts 

4 X W Cap Bolts with Lock Washers 
4 y$*' X 54^ Cap Bolts with Lock Washers 
1 Felt Gasket 23^ O.D. X 21J4^ hU. X W Thick 
1 Felt Gasket X 6^ to 6^ X 4^ X Thick 

1 Fan Impeller for No. 3 Outfit, Bore 1*4^ K.S. 14'' X Vb" and S.S. 

(See Order for 20^ Dia. or 21^ Dia. Impeller) 

1 Piece CXB. Bia. X BH*" 

2 34^ Headless Set Screws 

I 7J4 H.P., 17T0 Open Type Sleeve Bearing Motor — ^Frame No. 284 (Sec Order 
for Chirrent CharacterWes) 

Aien-Bradley No# 709 Magnetic Starter Seimrate Push Button for Above Motor 


1 
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Table H— Bill of Material 

Heavy Duty Fan — Belt Driven 
For No. 1 Pneumatic Products Collecting System 
No. Pcs. Descnption 

1 Fan Side and Bearing Support 

Weld %e" Plate 2 V/ 4 " Dia — Cut from Fan Housing to Fan Side 
4 Machine Bolts V/ 2 ^ Long with Cut Washers — Nuts Welded to Under' 
side of Support 

1 Fan Housing — See Order (Clockwise as Shown) 

For No 1 Pneumatic System (Counterclockwise Opposite) 

4 Ys" Studs 54'' Long 
4 Vs" Wing Nuts 

4 54^ ^ 54" Cap Bolts and Lock Washers 
4 Ys" ^ 14" Cap Bolts and Lock Washers 
1 Felt Gasket 23" O D X 2114" ID X Thick 
1 Felt Gasket 8" X 6" to 6" X 4" X Ylq" Thick 

1 20" Fan Impeller for No 1 Outfit, Bore iTie"* S 54" X S.S. as 

Per Dwg — Except Bore 

1 Piece CTS 2W' X 2i4" Long 

2 54" Headless Set Screws 

1 Fan Shaft— 1%6" Dia X W/q" Long— K S One End ?4" X X 3^4" 
and K S. Other End X X 4" Long 
1 Straight Key X ?4" X 3" Long 

1 Straight Key 54" X 54" X 354" Long 

2 iTie" Fafmr Bearings — Single Pillow Blocks, Light Senes — SAK Type 
2 No. 4 Taper Pins (Bearing to Bearing Support) 

Table III— Bill of Material 

Heavy Duty Fan — ^Bclt Dnven 
Nos. 2, 3 a: 4 Pneumatic Products Collecting System 

No. Pcs. Description 

1 Fan Side and Bearing Support 

Weld %($" Plate 21J4" Dia — Cut from Fan Housing to Fan Side 
4 Yi Machine Bolts IJ/ 2 " Long with Cut Washers — Nuts Welded to Under- 
side of Support 

1 Fan Housing — See Order (Clockwise as Shown) 

For No 2 Outfit (Counterclockwise Opposite) 

4 54" Studs 54" Long — Double Refined Iron 
4 54" Wing Nuts 

4 54" X 54" Cap Bolts and Lock Washers 
4 54" X ki" Cap Bolts and Lock Washers 
1 Felt Gasket 23" O D X 21!4" LD. X Me" Thick 

1 Felt Gasket 8" X 6" to 6" X 4" X Me" Thick 

1 20" Fan Impeller for No. 2 Outfitr--Bore IM 0 "— K S, |4" X Me" X S.S. m 

Per Dwg. — Except Bore 

1 Piece 2%" Dia. 3k4" Long 

2 54" Set Screws 

1 Fan Shaft— iMe" Dia. X 1814" Long— K.S One End X Me" X 3J4" 
aiid K.S. Other End 54" X Me" X 4" Long 

2 iMe" Fafnir Bcanngs — Single Pillow Blocks, Light Scries— -SAK Type 

1 Straight Key 54" X 54" X 3" Long 

I Straight Key 54" X 54" X 354" Long 

% Ho. 4 Taper Pins (Bearing to Bearing Support) 
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Table IV— BiU of Material 
Stock Parts for Pneumatic System Fans 
No. Pcs Description 

6 Fan Sides and Motor Supports (Do Not Provide Holes for Motor Attachment) 
(Used on Nos. 1, 2 and 3 Motor Driven Fans) 

6 Fan Housings (3 Clockwise, 3 Counterclockwise) 6" Wide 

(For Use on Nos 2 and 3 Motor Driven Fans and Nos 2, 3 and 4 Belt Driven 
Fans) 

4 Fan Housings (2 Clockwise, 2 Counterclockwise) 4" Wide 

(For Use on No. 1 Motor Driven and No. 1 Belt Driven Fans) 

4 Fan Sides and Bearing Supports 

(For Use on Nos 1, 2, 3 and 4 Belt Driven Fans) 

4 Fan Shafts, Bia X 1814" Long, K S. 

4 Straight Keys, X ^4" N Long 

4 Straight Keys, X X 3" Long 

(For Use on Nos 1, 2, 3 and 4 Belt Driven Fans) 

4 21" Fan Impellets for No 1 Pneumatic System — Bore 1" 

(1 Pc. 2W' Bia CTS 2i/i" Long) 

(Use on No 1 Motor Driven Fan and No, 1 Belt Driven Fan) 

6 21" Fan Impellers for Nos 2 and 3 Pneumatic Systems 

Bore 1*4" (1 Pc 2%" Dia CTS 3!4" Long) 

(Use on Nos 2 and 3 Motor Driven Fans and Nos 2, 3 and 4 Belt Driven Fans) 
8 IW' Fafnir SAK Pillow Blocks 


Table V— Bill of Material 

Heavy Duty Fan for No, 1 Products Collecting System 
To Be Used With 3 H.P. Motor, 1750 R.P.M. 

No. Pcs. Description 

1 Fan Side and Motor Support — Use Arrangement No 1 for Mounting Motor 
Weld %0" Plate 21!4^ Dia — Cut from Fan Housing to Fan Support 
2 2" X 13" X Bars— Weld to Motor Support 

2 2" X 12" X Bars— Weld to Above Bars 

4 X 1J4^ Cap Bolts with Cut Washers 
1 Fan Housing — Sec Order (Clockwise as Shown) 

For No, 1 Pneumatic System (Counterclockwise Opposite) 

4 Studs Long 

4 Wing Nuts 

4 34^ X Vb" Bolts and Lock 'Washers 
4 34^ ^ Bolts and Lock Washers 

1 Felt Gasket 23" O.D X 21!4" LD. X Thick 

I Felt Gasket 8" X 6" to 6" X 4" X 

1 Fan Impeller for No. 1 Outfit, Bore 1"» K.S. J4" X J4^ S.S. (See Order 

for 20" Dia or 21" Dia. Impeller) 

1 Piece C.T,S.— 2%" Dia. X 2!4" Long 

2 34^ Hcadlew Set Screws 

1 3 H.F, 1750 R.P.M. Open Type Sleeve Bearing Motor 

See Order for Current and Voltage — Frame No, 225 
I AlIcn^Bradley 609, Site 1, Open Type Starter for Above Motor 
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Table VI — of Material 

Heavy Duty Fan for No. 2 Products Collecting System 
To Be Used With 5 H.P. Motor, 1750 R.P.M.— Frame No. 254 

No. Pcs Description 

1 Fan Side and Motor Support — Use Arrangement No 2 for Mounting Motor 
Weld Plate 21J4^^ Dia — Cut from Fan Housing to Fan Side 
2 X IS" ^ 2 Lrs — ^Weld to Motor Support 

4 Yi' X l!4" Cap Bolts with Cut Washers 
1 Fan Housing — See Order (Clockwise as Shown) 

For No. 2 Pneumatic System (Counterclockwise Opposite) 

4 Studs Long — Double Refined Iron 

4 Wmg Nuts 

4 54" X 54" Cap Bolts and Lock Washers 
4 54" X YY Cap Bolts and Lock Washers 
1 Felt Gasket 23" O D X 21l/i" I D X Me" Thick 

1 Felt Gasket 8" X 6" to 6" X 4" X Me" Thick 

I Fan Impeller for No 2 Outfit, Bore V/%\ K S 14" X J/g" and S S 

(See Order for 20" Dia or 21" Dia Impeller) 

1 Piece CT 5—215/16" Dia X 3^4" Long 

2 54" Headless Set Screws 

1 5 HP, 1750 R.PM Open Type Sleeve Bearing Motor Frame No 254 (See 

Order for Current Characteristics) 

1 Allen'Eradley 609, Size 1, Open Type Starter for Above Motor 

The bills of materials for these fans are given in the accompanying 
tables These bills of material list seven different types and sizes of fans and 
cover 95 per cent of the fan requirements for our primary machine By close 
inspection of the bill of materials, you will note some of the parts for one 
size of fan will fit all of the other fans, and, by keeping in stock the eight 
parts shown on bill of material headed "'Stock Parts for Pneumatic Sys" 
terns,” Table IV, we were able to carry in stock for immediate shipment 
all of the seven different types of fans 

A small manufacturer will find an arrangement of this sort a prime 
necessity if his market conditions permit the sale of only a small number 
of the different types of units 

To show the extreme simplicity of the design of this fan, as made 
possible by the electric arc, a description of the design of one representative 
size of fan will be given This fan is shown in Fig. 1 

The bill of material is Table I and is for a heavy-duty fan for No, 3 
products-collecting system to be used with 7^2 horsepower motor, 1750 
revolutions per minute. 

Piece No 1 — Fan side and motor support— arrangement No. 3 for 
mounting motor. The 12-gauge black iron piece 23 -inch diameter and the 
%0-mch black iron plate (cut from fan housing) are cut out with the torch 
and plug welded together with eight — %0-inch plug welds Plug welds are 
used to join these two pieces together so as to minimize distortion and to main- 
tain a clear edge m the plate piece for bolting. The %0-inch holes 

are punched m the 12-gauge black iron fan side These holts are used to hold 
the fan to the fan side m the final assembly and to act as a jig for 
holding the iVS'^tich X l\/2'‘^nch X ^a'itich angles of the fan side for 
aligning .md v cMing 
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The |/ 4 ''inch plate is bent on the break and welded to the angles that 
have been bolted and welded to the 12-gauge black iron fan side. This 
entire assembly is made without the use of a jig, and all the welds can be 
made vertical as the piece is small and can be easily turned by hand to the 
correct welding position. No machine work is required on this piece as the 
method of welding and the si2;e of the plates are such that no distortion 
occurs. The fan side is stocked with the motor support plain and by adding 
the necessary jSller pieces, this assembly serves for three sisies of fans. 

Piece No. 2 on the bill of material is the fan housing for the No. 2 
pneumatic system. The fan sides of %e-inch and 12-gauge black iron are 
cut out with the radiograph The one side is made %6-inch so as to keep 
distortion down and to offer sufficient grip for the %-mch cap bolts. The 10- 
gauge black iron scroll sheet is sheared and bent on the break to the correct 
shape, tack welded to the side plates and then continuously welded with 
y^nneh fillet welds. This assembly is welded without the use of a jig as the 
peculiar shape of the scroll sheet makes a flat and upnght surface for attach- 
ing the side plates. This piece is small enough so that it can be positioned 
by hand for efficient welding. This fan side serves five different si2;es of fans. 

Piece No. 3 — ^Fan impeller for No. 3 outfit 21'inch diameter, bore 1%' 
inch, keyseat y^nneh X /^"mch. This fan impeller as supplied in competitive 
fans has either a cast steel hub with angle irons cast in the steel and extended 
to support the fan blades or else the hub and arms are made m one steel 
casting. It was feared that because of the high radial stresses existing in 
the welds at the point where the blades are welded to the hub and because 
of the unknown tangential stress caused by impact of the blades with the 
product in the entering air stream that trouble might be had with an all- 
wclded impeller. The shop was cautioned as to this condition and has given 
us very good welds. The tip speeds on some of the belt-driven units are as 
high as 12,500-feet per minute; radial stress at junction of hub and blade 
about 5,000-pounds per square inch and considerable tangential impact 
stress at this point also, but to date not one fan impeller has failed. 

The fan blades on these impellers are sheared to sizje and after being 
welded to the hub are finally ground to the correct diameter. The finished 
impeller is given a good static balance and excellent running balance is 
secured. The homogeneous structure of steel plates makes it possible to 
get a good running balance from these static balanced impellers. 

The bladm for these fan impellers are sheared from waste pieces of 
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steel plates and actually have no material cost The hub is made from cut-off 
ends of 2i%6*'inch commercial-turned low carbon steel 

The fan impellers are stocked 21 -inch diameter, not bored or ground ^ 
diameter, and are removed from stock on receipt of a definite order, bore , 
keyseated, ground to diameter, and balanced to suit the order conditions. 
This fan impeller as stocked can be ground to diameter and bored to 

suit five different srzjes of fans , , , 

The remaining parts are the driving motor, starter, necessary bolts and 

above list of parts, it will be evident that there are only three 
parts for the fan that must be fabncated in our shops , , .i. 

As stated once before, no machine work is required on this fan other 
than required to bore and keyseat the fan impeller 


Comparative Cost of Fans 


Our steel plate fan complete with fan 
impeller mounted on motor spindle and 
motor mounted on side of fan 


#1. System — Direct motor drive 

steel plate fan $ 5 5 00 

3-H.P., 1760 motor, 3P''60G' 
220V,— Open Sleeve Bearing 49 50 


TotaL $104 50 


Purchased cast iron fan with motor and 
necessary V-belt drive and fabricated base 
to connect fan and motor 


41 System belt driven cast iron 

fan — Fan No 23 $ 72 50 

5<HP. 1760 motor. 3P-60G- 
220V. Open Sleeve Bearing- 60 30 
6 4 P, dia 2''groovc B-sheavc 7.28 

T 6 P. dia, 2'groove B-'sheavc 6 72 

2 B68 belts ^•57 

Base plate 25 00 


Total. 


,$174 37 


♦2. System Direct Motor Drive 

Steel Plate Fan $ 5 5 00 

5'HP., 1760 motor, 3P'60C- 
220V. Open Sleeve Bearing- 60 30 

Total $115 30 


#2. System belt^dnven cast iron 

fan — ^Fan No. 24 

7!/2'HP, 1760 Motor, 3P- 
60G'220V. Open Sleeve Bear- 


64 P dia 3 G.B Sheave 

5 6 P. dia 3 G B. Sheave- .. 

3 B68 belts 

Base plate 


$ 91.50 


79.30 

8.71 

8,12 

3.86 

30.00 


Total. 


,$221.49 


#3. System Direct Motor Drive 

Steel Plate Fan $ 5 5 00 

7J/2-HP., 1760 Motor, BP" 
600^220^ Open Sleeve Bear 


Total $134 30 


#3, System belt'dnven cast iron 

fan — ^Fan 24''A *$ 91.50 

10-H.P., 1760 Motor, 3F60O 
220V Open Sleeve Bearing.. 101 00 
6 4 P dia. 4 G.B. Sheave— 10.10 
5.6 P. dia. 4 GB. Sheave— 9.45 

4 B68 belts - - 5.15 

Base plate 35 00 


System Direct Motor Drive 

No 3 Steel Plate Fan $ 65 00 

10-H.P., 1760 Motor, 3P-60C- 
220V Open Sleeve Bearing. 101 OO 


Total $166 00 


•Total $252.20 


#4. System belt-dnven cast iron 

fan-^Fan No. 25- $115.00 

15-H.P., 1760 motor, 3P-60C- 
220V Open Sleeve Bearing..., 121.00 
6 4 P. dia. 5 GB, Sheave .... 11,50 

5.6 P. dia. 5 G.B Sheave 10.86 

5 B6a belts 6.43 

Base plate - 40.00 


Total 


,.—$304.79 
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The average net saving for the operating unit per complete installation 
would be $108.18. The cost of the steel plate fan per installation is but 54 
per cent of the cost of an equivalent standard cast iron fan for the same in" 
stallation. The average net saving for the fan units only would be $35.12. The 
cost of the steel plate fan is but 62 per cent of the cost of an equivalent 
standard cast iron fan. 

The cost of a complete operating unit, however, is the cost that counts 
in a competive market and on this basis the net saving per installation would 
be as noted above, $108.18, and the average horsepower saving would be 3.1. 

On the basis of 50 installations per year, this saving would amount to 
$5,409.00. The horsepower saving would amount to 155 horsepower or, 
on the basis of 10 hours a day per five-day week, a total of 403,000 kilowatt 
hours would be saved per year. Of course, this monetary saving is passed 
along to our customers, but, nevertheless, we benefit directly in that we are 
able to place a lower bid on an installation, and thus, better our chances of' 
securing additional business. 

The saving in horsepower will permit our customer to process his product 
more economically and will help to secure his favorable reaction to the 
proposed installation. The company benefits directly in that the work of 
fabricating this fan is now in our own shop and would help to reduce the 
shop overhead expense. • 

The company benefits also in having direct control over the delivery time 
of the manufactured product. Equipment bought outside must frequently 
be waited for with the result that shop and shipping schedules are delayed 
and valuable equipment is held up for want of secondary equipment of 
relatively minor importance. 

Results Obtained by Arc Welding the Steel Plate Fan — ^As stated before, 
the ability to arc weld this fan from steel plates made possible the manufac- 
ture of this fan by the company with which I am connected. 

The benefits accruing from the manufacturing of this fan were as 
follows: 

The company was able to convert an improfitablc secondary unit of its 
business into a profitable unit of business. This conversion resulted in an 
improved performance of the secondary unit with the result that the opera- 
tion of the primary units was also materially improved. 

Our customers were able to buy their equipment more economically and 
to run it at lower power requirements. 

In a small way, this saving will enable them to lower the cost of their 

f roduct with the result that mankind in general will be able to benefit by 
eing able to supply their wants more economically and, thus, in greater 
abtmdance. 



Chapter XII — ^Parts for a Receiving-S Witching-Transmitting Unit 
By Adam Drenkard, Jr., 

Engineer, 'Western Union Telegraph Co., T^ew Yor\, 7v{. T. 


Subject Matter: How arc welding simplified the problem of com 
structing a receiving''switching''transmitting unit for 
reperforator switching installation. In the original model 
four-position receiving table, the screw and gusset plate method 
of assembly was used in order to facilitate any necessary change 
in shelf height; but, as a result of steel shortages arc welding 
became essential — almost 25,000 pounds of steel being saved in 
the construction of the equipment described in this paper alone. 
Proportionate cost savings are analysed in detail, indicating a net 
overall of 23.8%. 


Drenkard, Jr. 



The telegraph business is concerned primarily with the transmission, in 
record form, of messages from a large number of originating points to an 
equally large number of receiving points. Because of the universal service 
it provides, reaching into virtually every town and hamlet in the nation, it 
can be operated economically only through the medium of central relay 
offices. Each of these relay offices has direct wires to a number of originating 
points and receiving points in its section of the country and also direct wires 
to one or more other relay offices. In this respect the handling of traffic is 
similar to that employed by the telephone companies with their multiplicity 
of central offices. It is distinguished from telephone service however in that 
over 95% of the business handled at telegraph relay offices is received and 
transmitted over printing telegraph circuits. 

Under the standard procedure at relay offices not equipped with the 
recently developed reperforator switching system a considerable amount of 
manual work is involved. Reception at a relay office requires the services 
of a receiving operator who checks the message for possible errors, times it, 
records its sequence number and then releases it. The telegram is then 
manually, or mechanically by means of belt conveyors, carried to a central 
distributing center. Here it is routed, again manually, to the circuit over 
whi<i it is to be retransmitted. It is then carried, apin manually or 
mechanically, to the transmitting position where the services of a transmit-- 
ting operator are required. 

In addition to the operators and distributing and routing clerks already 
mentioned, an adequate staff of supervisory forces must be provided to insure 
the expeditious handling of the messages since they must be delivered at 
their destinations with&i a very few minutes after being filed at the originate 
ing point. 

The development of a reperforator switching system was undertaken 
with the intention of eliminating as many of the manual operations as 
possible and replacing them with a single, accurate, high speed switdbiag 
operation. ■ ■ 
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In the reperforator switching system means have been provided whereby 
distant stations may transmit into the relay office at their own convenience 
at any time without any delay in the reception of the message A switch-' 
board or switching turret has also been provided through which the re*- 
ceived messages may be distnbuted at high speed to the transmitting 
terminals of the outgoing circuit. At the transmitting terminals all telegrams 
for each circuit are accumulated in a storage device from which the messages 
are transmitted as fast as the line can accept them. By this system the 
manual operations have been reduced to one handling, namely the routmg 
of the incoming message through the switching turret. 

The three major elements involved in the passage of a message through 
a relay office are the four^position receiving table, the 256 jack switching 
turret and the four^position sending storage table. These three items to- 
gether comprise the reperforator switching unit which is described m this 
paper. 



Fig. 1. Thm tnofor Itoxnui Involved. Code: F/B(M)« multtplex printer perforator^ 65 words 
per ndniite; F/B(S). simplex printer perforator. 85 words per minute; S, tope storage loop; 

tope transmitter# 125 words per minute* T-2# tope tronsmltter# 65 words per minute; 
K# automate message eeguence numbering mocblne; B# reperforator. 125 words per mill- 
ute; DT# distributor-transmitter. 65 words per minute. 

Development — ^In 1933 the first practical attempt by the Western Union 
was made to handle traffic by means of automatic reperforation. The 
telegrams were received in the form of a perforated tape. Operators read 
the coded perforations in the tape, routed the messages to the proper 
outgoing circuit and then the short length of tape bearing the perforated 
message was physically transported to the transmitting position. This 
system was soon found to have no practical advantage over existing methods 
because of the difficulty of accurately reading tffie perforations and of 
transporting the short pieces of tape. There was also a possibility of dc- 
layedf handling of the messages. 

In 1934 an improved version of the reperfomtor switching method was 
tested in a small trial installation at Fort Worth, Texas. In this system a 
printing perforator was suhstituted for the perforator used for receiving 
in original plan. Th» unit printed the message on one tape and per- 
fcwatel the mmage m ancrficr tape. The operator vs^as thus enabled to 
eamly read the meamge cfcstination on the printed tape. 
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The perforated tape was then fed through an automatic transmitter 
associated with a switching plug by means of which the message was routed 
to an outgoing circuit connection. This connection was not the outgomg 
circuit itself but an intra^office circuit which cleared the transmitter at the 
receiving position and transferred the message to a storage device at the 
outgoing circuit The intra-ofiEce circuit operated at 90 words per minute as 
compared to the d^-words per minute speed of the receivmg circuit, thus 
absorbing the slack caused by any delay m switching. Transmission on the 
outgoing circuit started immediately or as soon as the line was cleared of 
any business already stored from some other circuit. 

After some further refinements, chief of which was the development of 
the pnnter-'perforator, a larger trial installation was made at Richmond, Vip 
ginia. The printer^perforator is a machine which simultaneously prints the 
message and punches the code perforations on the same tape, thus simplify^ 
ing the routing procedure. 

A new high'-speed perforator was also developed for use at the out- 
going transmitters These perforators were capable of operating at 125 
words per minute and the intra-office transmission was thus stepped up to 
almost double the circuit receiving and sending speed. Thus was avoided 
the congestion which occasionally had occurred in the previous system due 
cither to the gradual accumulation of time consumed in switching or to 
“waiting time’’ caused when a needed outgoing circuit was pre-empted 
by another transmitter. 

The above bnef summary gives a general descnption of the fundamental 
elements required. Numerous auxiliary devices are also employed but since 
they are beyond the scope and purpose of this paper no attempt will be 
made to descnbe them. 

Fig. 1 IS a greatly simplified drawing showing the relationship between 
the various major items involved in a reperforator switching system installa- 
tion. One or more jacks appear in each switching turret for every circuit 
being relayed at the reperforator switching office. The jacks for each office 
in all turrets are multiplied together so that it is possible for any receiving 
position to route a message to any transmitting position. Schematic connec- 
tions between only two turrets and sets of equipment are shown. 

Operation of the Richmond installation provided an opportunity for 
an exhaustive study to determine the optimum placement of the many 
individual items of equipment at the operating positions, commensurate 
with the most efficient and speedy traffic handling 

Thereupon plans were laid for the final design and standardisjation of 
the various operating equipment assemblies so that use of the new system 
could be extended to most of the large cities of the country. Design work 
was begun early in 1940 and completed late in the same year. 

In the meantime it had been decided to make the first installation of 
the standardized equipment at the Atlanta, Georgia relay office. Immedi- 
ately upon completion of design work on each item of equipment it was 
rushed into production. As a result it was possible to begin installation 
work at Atlanta long before the design of all items had been fully completed. 
The Atlanta office was “cut-over” to complete reperforator switching opera- 
tion late in the summer of 1941. 

Fig, 2^is a view of a switching aisle in the Atlanta office showing the 
relationship between the four-position receiving table and the 2S6 jack 
switching turret Fig. 3 shows a storage aisle consisting of rows of four- 
position sending storage tables located directly behind the switdunf aMc 
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Fig. 2. Switching aisle. 


The Atlanta installation has now been in operation for over eight 
months and is the most modem telegraph relay office in the world. Some 
of the salient features of improved operation are listed below. 

1. Studies have shown that a reduction of 75 per cent has been achieved 
in the time required to clear a message through the office as compared with 
the old method of operation. 

2. There has been a gain in accuracy due to the elimination of manual 
rcperforation and transmission of each message. 

3. An increase in the capacity of inter-city circuits of over 25 per cent has 
been attained because transmitters function continuously as long as there 
are telegrams to be transmitted. This was impossible under manual opera- 
tion. 

4. Physical and mental effort required of the operating personnel has 
been greatly reduced. 

5. A considerable reduction has been effected in the spate requirements 
. for the central relay office equipment because of the concentration of the 

machines on the newly designed tables and also because the mechanical 
equipment formerly required for the transportation of messages about the 
office has been eliminated. 

Design— When prelimina^ design work was begun on the reperforator 
switching system equipment it was necessary to obtain experimental models 
of the units so that laboratory setups could be made. This was done pri- 
marily in order to afford an opportunity for the various operating and 
development departments to suggest changes or additions which would meet 
their requirements. 

In the original model of the four-position receiving table the screw 
and gusset plate method of assembly was used. This was done order to 
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facilitate any change in shelf height and size necessary to meet the require- 
ments of the various departments concerned. Incidentally this model gave 
a clear indication of the impossibihty of meeting the limits set up for 
maximum floor space per unit with gusseted construction because the gusset 
plates prevented proper placement and operation of the telegraph equips 

The cost of the model also provided a basis for comparison between Ac 
cost of arc welded construction and gusseted and, when adjusted tor 
quantity production, checked very well with the figures calculated in the 

cost analyses given herewith. ^ . 

In designing the receiving and sending storage tables one or the 
primary considerations was rigidity of construction. This quality was es^ 
pecially important because of the fact that most of the equipment on th^e 
tables is semi'portable and must be readily removable for replacement in the 

event of failure , . , i i i j r 

Each unit of equipment is fastened in place through the medium ox a 

separate sub-base with male clips Female clips on the various items engage 
the male clips on the sub^base in order to establish the electrical connections 
required When a machine is inserted into a sub'^base considerable pressure 
must be exerted in a horizontal direction m order to fully engage the spring 
clips — 32 in number in the case of the printer-'perforator Only wiA arc 
welded construction would the required rigidity be attained since no bmted 
joint can be made as strong as the parent metal, whereas with arc welding 
it can be made stronger than the parent metal ^ ^ o - 

In the switching turret, a somewhat similar condition exists Since intra- 
office transmission is on a nine wire basis (multiplex plus control leads) 
nine conductors are required per circuit As a result the plugs mrough 
which the routing connection are established are decidedly larger than the 
conventional telephone, radio or telegraph plug The repeated shocks in- 
cident to the heavy thrust exerted when plugging up and pushing home 
several thousand connections per day per turret through so large a plug 
made arc welded construction the only alternative 

Appearance — ^Another pnme requisite in the equipment design was the 
attainment of a neat orderly appearance when a large number of units 
is installed in a central office Therefore simplicity was the keynote and could 
be best obtamed by arc w’elding. The side supporting members of the re- 
ceiving tables are butt welded to the square root cold drawn angle shelf 
frames and then ground smooth Thus two adjacent tables can be bolted 
together without any gap or slot between them. The square root angles 
forming the shelf supporting frames also serve as a protective edge for the 
plywood shelves and eliminate the necessity of providing the conventional 
aluminum shelf edging. Without the use of arc welding it would be well 
nigh impossible to obtain the neat comers and the strong shelf edges which 
distinguish these tables. 

Maintenance— Arc welded construction, in eliminating the unsightly 
gussets, screws, nuts etc. has also simplified the maintenance and cleaning 
problem. The smooth, uninterrupted surfaces of the present equipment 
have practically eliminated dust catching crevices and dark corners, thus 
cutting maintenance costs. 

Saving in Critical War Materials — ^In addition to the saving in the 
vital metal aluminum mentioned above, a large saving in sheet steel is made 
possible because of the rigidity of construction obtainable with arc welding. 




SECTION m— MACHINERY 


885 


Fig. Z, Storage aisle. 


Early in January, 1942, the office of production management, at a hearing 
in Washington at which the writer was one of the representatives of the 
Western Union, reviewed the request for a priority preference rating cer^ 
tificate covering all the material required to complete the 1942 reperforator 
switching program. This program contemplates the installation of partial 
reperforator switching systems in 18 cities and complete reperforator switch-' 
ing systems at Dallas and St. Louis. These installations were made necessary 
by the rapidly increasing demands for additional telegraph services by 
essential war industries and government agencies. 

As a prerequisite to the granting of the certificate the company was 
asked to reduce its sheet steel requirements for the complete program by 
25,000 pounds. 

A net saving of over 30,000 pounds was made by redesigning the various 
structures involved. Almost 25,000 pounds was saved in the construction 
of the equipment described in this paper alone. The arc welded con- 
struction of these items made it possible to make these savings merely by 
substituting non'metallic sheets because it was not necessary to depend upon 
the strength of the metal sheets in order to obtain sufficient rigidity. This 
would not have been possible with gusseted construction. 

Another saving in material by the us^ of arc welding is accomplished 
by the reduction in she of the various supporting members of the equip- 
ment. With the old gusseted method the minimum she of the shelf 
potting members of tables was generally iV^-inches x iV^-inches x %ednch 
in order to allow sufficient space for the bolts required to hold the gusset 
plates in position and also to attain rigidity. It will be seen by an inspection 
of the drawings included herewith that all shelf supporting angles have now 
been reduced to I -inch x l-inch x J4dnch in si 2 ;e, resulting in a substantial 
reduction in the quantity of steel required. This has been done with no 
i^uctlon In strength or rigidity but rather an increase in these qualities. 
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Thus it may be seen that arc welding has contributed m^erially to 
the conservation of critical materials now so vital to the war effort. 

Reduction of Floor Space Requirements and Operator Fa^e— Whra 

designing units of the type described, of which a large number are to be 
installed in a given oJEce, it is highly important to keep to a minimum the 
floor area required by each unit. This is readily understandable.^ ^ 

Increase in floor area directly affects the rental costs. In addition there is 
a decided increase in operator fatigue. Each time a message is routed the 
operator must walk from a central location, usually in front of the turre^ 
to the position at which the message is being received. She must then read 
the message destination and walk back to the turret to plug up the con^ 
nection. An increase of an average of say two feet of walking per switched 
message may seem trivial but, when multiplied by as high as possibly a 
thousand per eight hour day, the increase in fatigue becomes quite con- 
siderable. 



Fig. 4. Front view. 


The photos show how compactly it has been possible to arrange the 
various machines on the tables. It is obvious that if gusseted construction 
were used the space occupied by the gussets would be wasted and conse- 
quently the overall length of the units would have to be increased by aj 
much as 25 per cent in each case. 

A further saving in space requirements and critical material is directly 
attributable to arc welding. Before the development of the new type of 
tables the various resistors required were mounted in a position paralld 
to the mounting surface in the wiring cabinet. This required a composition 
mounting block equipped with two phosphor-'bronsie mounting clips for each 
resistor. Four square inches- of mounting space were thus used for each 
resistor. ■ ■ ' ^ 

Six rows of l-inch x }4^inch steel strap are arc welded to the inside 
jack of the wiring cabinet for the fou.r-position receiving table* These 
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straps are drilled and tapped on 1 inch centers. Into each of these holes 
is screwed a long bolt which passes through the hollow center of a resistor, 
which is thus mounted vertically on the mounting surface. With this ar- 
rangement an area of only one square inch is necessary per resistor — a saving 
of 75 per cent. Furthermore there is a direct saving of the critical metal in 
the phosphor-bron 2 ;e clips which are no longer required. 

Four-Position Receiving Table — A total of 193-inches of short %^-inch 
fillet welds, mostly Tinch to ll/ 2 dnches long were required for the arc 
welded assembly of the table framework and the cabinet. Ninety inches 
of butt and flush corner welds were required in order to obtain the smooth 
outside corners and joints. 

Figs. 4 and 5 are front and side views of this type of table, partially 
equipped, taken at Atlanta during the course of installation work at that 
office. 

Jack Switching Turret — In the manufacture of the basic framework of 
the 256 jack switching turret, the heavy side channels are supported by the 
arc welded cross members and channel top. In assembling this framework 
31-feet of J/idnch fillet welds and 5-feet of butt welds were required. 

The jacks were mounted on separate jack panels, two per panel. This 
method of assembly was necessary in order to facilitate the removal of 
jacks in the event of jack failure. Since the wiring at the back of the turrets 
is very congested due to the large number of wired connections required, 
removal of the jacks from the front was the only possibility. Hence, the 
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screw method of mounting the jack panels. The jack panel supports were 
also screwed in place in order to allow for adjustment in the lining up of the 
various small jack panels during the final assembly.^ 

Here is illustrated a striking example of the high cost of screw com 
struction as compared with the arc welding method. Reference to the cost 
analysis for the 256 jack switching turret will show that almost 60 per cent of 
the labor cost was attributable to the slotting, drilling and tapping of the 
jack panel supports. Had it been practicable from a maintenance standpoint 
to install a 256 jack panel instead of 128 two'-jack panels, the large jack 
panel could well have been arc welded into place. This would have reduced 
the labor cost on this portion of the assembly at least 80 per cent. 



Fig. 7, deft). F!rcmt oi fotu^posltton t •ndl&g storage tobto. Fig, % (rigkt). Sl<l# Tlgw ol 

four-position sending storage table. 


Fig. 6 shows a front view of the turret, partially equipped with cords 
and with jacks and filler panels in place but without the lower front en** 
closing panel. Refer to Fig, 2 for a photo of completely equipped turrets. 
This photo also shows snap-up type seats fastened to the front of the turrets 
for the convenience of the switching operators. These scats have supported 
the weight of a 250^pound operator without any ill effect on the arc welded 
joints of, the turret. 

Four-Positioii Sendhxg Storage Table— Two hundred and sixty^eight 
inches of short ^i^j-inch fillet welds were required for the assembly of 3ic 
framework and <hc wiring ^cabinet In addition to the fillet weld% 87^inchcs 
of butt and flush comer welds were required. 

In the manufacture of erne of the plywood shelves of this table, aE le^ 
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sistors are mounted on Idnch x %'m.ch steel straps, arc welded in place and 
the entire framework is arc welded together 

The complete assembly of all the equipment on a four-position sending 
storage table illustrates the complete utili 2 ;ation of space made possible by 
arc welding 

Figs 7 and 8 are front and side views of this type of table, partially 
equipped, taken during the course of installation work at Atlanta. The end 
panel of the table has been removed in the side view in order to show 
the large storage space provided for the storage of ‘"sent” tape after the 
messages have been transmitted The front view shows an open access 
door to this compartment. The side view also illustrates the smooth, clean 
appearance attained in a row of these tables, indicating the ease with which 
the equipment can be cleaned and maintained. 

Proportionate Cost Saving in Percentage — Since the equipment de^ 
scribed in this paper has never before been built in its present form I have 
elected to compare the costs using arc welded construction with the costs 
using gusseted construction as another reasonable method. I have selected 
the gusseted method as an alternate because such construction was for 
many years used in the design of tables and other equipment as hereinbefore 
noted It should be borne in mind however that if gusseted construction 
were the only means available today the equipment would of necessity 
be much more cumbersome and would not as efficiently meet the require^ 
ments set forth in this paper. 

On the following pages are found the cost analyses for arc welded con^ 
struction of the three major items comprising a reperforator switching 
unit. Following the analysis for each unit is given a comparison between 
the arc welded cost and the cost using gusseted and bolted construction. 
The percentage saving with arc welded construction is also given. 

The total cost figures for arc welded construction are the actual figures 
for the units manufactured for the Atlanta installation. The detailed figures 
for matenal are on the basis of prices prevailing at the time of manufacture 

The figures for welding costs for the two tables are based on a total of 
labor and electrode costs of $.014 per mch for %6dnch fillet welds and 
$019 per inch for butt and flush corner welds These figures may seem 
rather high when compared with the figures quoted in the “Procedure 
Handbook of Arc Welding Design and Practice”. They are, however, 
conservative m view of the multiplicity of short (hinch and lY 2 dncli) welds 
and the consequent high operator factor due to the fact that the arc is not 
in operation continuously. 

The figures for the welding costs on the turrets are based on a total 
of labor and electrode costs of $.08 per foot for J4dnch fillet welds and $.12 
per foot for butt welds. 

The “Overhead’' item of 4? per cent is applied on the total cost of labor 
and material and includes layout, shop, purchasing and administrative costs. 

In order to compare the costs by the two alternate methods of con^ 
struction the number of gussets, drilled and countersunk holes, machine 
screws, nuts and bolts required per item as well as the estimated difference 
in set-up and assembly time was comjputcd. All other costs were considered 
equal as between the two methods of construction No allowance was made 
for the additional material which would be required by reason of the in- 
creased length of the items if gusseted construction were used because valid 
methods of cx^aluating this are not available. Figures for savings are therefore 
very aonservative. 
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Cost Analysis Four-Position Receiving Table 
Material 

1. Maple Plywood Tops, thick, 66" x lO" and 66" x 23 $ 7 56 

2. Cold Rolled Stretcher Leveled Steel Sheet 

(a) of 48" x 96" x #11 Ga 19 

(b) l!4 48" X 120" X #14 Ga 6 95 

(c) H of 48" X 96" X #16 Ga 79 

(d) 1 48"x96" X #18 Ga 2 96 

3. Steel Angles and Bar Stock. 

(a) 32 Feet 1" x 1" x 54“" Cold Drawn Steel Angle 4 32 

(b) 42 Feet x iW' x j/a" Steel Angle 2-08 

(c) 7 Feet 2" x 1" x Va" Steel Angles 43 

(d) 114 Feet 1 / 2 " X Va' Steel Strap 02 

(c) 2 Feet x Va" Steel Strap 03 


Total Material Cost $25.13 


Labor 

1 . Cutting, drilling, finishing and installing wood tops $ 7.12 

2. Cutting of angles, shearing and braking 11-62 

3. Setting up and positioning between welds 4.29 

4. Welding. 

(a) %6" Met Welds. 193" at .104 2.70 

(b) Butt and Flush Comer Welds. 90" at .019 1.71 

5. Grinding *^6 


Total Labor Cost $28.20 


Finishing 

I. Total cost of spray enameling and baking. $ 2.74 

Recapitulation 

Material, $25.13 plus Labor, $28.20 plus Finishing, $2.74 plus 

Overhead (at 45%), $25.23 gives Total Cost, Arc Welded $81.30 

Comparison of Arc Welded and Gusseted Construction 

1. Additional material required for gusseted constraction. 

(a) J4 of 36" X 96" x 11 Ga. C. R. Steel Sheet $ 1.44 

(b) Screws, nuts and lockwashers 3.40 


Total „.„$ 4.84 
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2. Difference in labor costs 

Welded Gusseted 

(a) Welding $4.41 

(b) Cutting and forming gussets $ 5.70 

(c) Drilling and countersinking holes 9 12 

(d) Setting up and assembly 4.29 8 85 

(e) Grmding 76 

(f) All other labor costs are equal 


Totals $9.46 $23 67 

Net Increase — Gusseted Construction — ^Labor $14.21 

Recapitulation 

Increased Material, $4.84 plus Increased Labor, $14.21 plus Overhead 
(at 45%), $8.57 gives $27.62 as Total Increase — Gusseted $81 30 plus 
$27 62 gives Total Cost, Gusseted $108.92 

Cost Analysis 256 Jack Switching Turret 
Material 

1. Cold Rolled Stretcher Leveled Steel Sheet 

(a) Ys of 40" X 96" x #12 Ga.. $ .95 

(b) 1 42" X 144" X #12 Ga 7.95 

(c) Vi of 36" X 96" X #16 Ga 1 82 

(d) 1 40"x96" X #18 Ga 2 50 

(c) Ye of 36" X 96" x #22 Ga 24 

2. Steel Angles and Bar Stock 

(a) 12 Feet IV 2 " x P/z" xYia" Cold Drawn Steel Angle 3.72 

(b) 8 Feet P/Y' x P/z" x S/ig" Steel Angle 64 

(c) 2 Feet P-/z' x P/z" x Steel Angle 11 

(d) 4 Feet 1%" x Yi" x J/s" Steel Angle 16 

(e) 30 Feet P/z" x P/z" Cold Rolled Steel Bar. 5.40 

(f) 8 Feet J/ 2 " x J4" Steel Strap 08 


Total Matenal Cost $23.57 

Labor 

1. Cutting of angles, shearing and braking $ 9.03 

2. Setting up and positioning between welds. 3.79 

3. Welding. 

(a) >4" Fillet Welds. 31 Feet at .08 2 48 

(b) Butt Welds. 5 Feet at .12 60 

4 . Grinding — 38 

5 . Slotting, drilling and tapping jack panel supports 22.23 


Total Labor Cost $38.56 

Finishing 

1. Total cost of spray enameling and baking. $ 2.22 
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Recapitulation 


Matenal, $23 57 plus Labor, $38 56 plus Finishing, $2 22 plus Overhead 
(at 45%), $28 95 gives Total Cost Arc Welded 593 30 


Comparison of Arc Welded and Gusseted Construction 

1 Additional material required for gusseted construction 

(a) Yiq of 36" X 96" x 11 Ga C R Steel Sheet $ 96 

(b) Screws, nuts and lockwashers 


2 


Total 


Difference in labor costs 

Welded 
$3 08 

Gusseted 

(b) Cutting and forming gussets . 


$ 4 10 

(c) Drilling countersinking, 
tapping holes 


5 30 

(d) Setting up and assembly 

3 79 

7 88 

(e) Grindmg 

38 



(f) All other costs are equal 



Totals 

$7 25 

$1728 

Net Increase — Gusseted Construction — Labor 



$ 3 06 


,$10 03 


Recapitulation 

Increased Matenal, $3 06 plus Increased Labor, $10.03 plus Overhead 


(at 45%), $4 89 gives $17 98 as Total Increased Cost Gusseted $93.30 plus 
$17.98 gives Total Cost, Gusseted $1 1 1.28 

Cost Analysis Four-Position Sending Storage Table 
Material 

1 . Maple Plywood Tops, Vs" thick, 3 pcs 56" x 28" $12.70 

2 Cold Rolled Stretcher Leveled Steel Sheet 

(a) 1J4 36" X 120" X #14 Ga $.40 

(b) Vi of 36" X 96" X # 16 Ga 1-36 

(c) Vs of 48" X 96" X #16 Ga L21 

(d) 1/2 of 36" X 120" X #18 Ga 1.43 

(e) 1 48" X 96" x #18 Ga 2 96 

(f) Vx% of 36" X 96" X #22 Ga 75 

3. Steel Angles and Bar Stock 

(a) 42V2'I’ect of 1" x 1" x Vs' Cold Drawn Steel Angle 6.37 

(b) 28^Feet of l^/z" x II/ 2 " x Steel Angle 1.54 

(c) 7Y2'Feet of 1" x 1" x f/i" Steel Angle. 30 

(d) 7'Fcet of y 2 " X y&" Steel Strap 07 


Total Material Cost $34.09 
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Labor 

1. Cutting, dnlling, finishing 6? installing wood tops $ 8.08 

2. Cutting of angles, shearing and braking 9.03 

3. Setting up and positioning between welds 2 56 

4 Welding. 

(s-) ^As" Fillet Welds. 268 inches at 014 3.75 

(b) Butt and flush corner welds 87 inches 'at 019 1 65 

5. Grinding 52 


Total Labor Cost $25.59 


Finishing 

1. Total cost of spray enamehng and baking. 


.$ 2.94 


Recapitulation 

Material, $34 09 plus Labor, $25 59 plus Finishing, $2.94 plus Overhead 
(at 45%) gives Total Cost, Arc Welded $90 80 


Comparison of Arc Welded and Gusseted Construction 
1. Additional material required for gusseted construction 


(a) 1/3 of 36" X 96" X #11 Ga C R. Steel Sheet $ 1.92 

(b) Screws, nuts and lockwashers 4.10 


Total 

2. Difference in labor costs. 

Welded 


(a) Welding $5.40 

(b) Cutting and forming gussets 

(c) Drilling and countersinking holes 

(d) Setting up and assembly 2.56 

(e) Grinding 52 

(f) All other labor costs are equal 


$ 6 02 

Gusseted 


$7 60 
12.16 
8 64 


Totals $8.48 

Net Increase — Gusseted Construction — ^Labor 


$28 40 

$19.92 


Recapitulation 

Increa^d Material $6.02 plus Increased Labor $19.92 plus Overhead 
(at 45%) gives $37.51 as Total Increased Cost — Gusseted. $90.80 plus 
$37.51 gives Total Cost, Gusseted $128.31 
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Total Cost Saving in Percentage— Conclusion 



Gusseted 

Welded 

Net 


Cost 

Cost 

Saving 

Four^Position Receiving Table 

256 Jack Turret — 

FouT'Positton Sending Storage Table. — 

...$108 92 
... 11128 
... 128.31 

$ 81.30 

93 30 

90 80 

$27.62 

17.98 

37.51 

Reperforator Switching Unit Complete.. 

...$348.51 

$265.40 

$83.11 


NET SAVING $83.11 

— equals — equals 23 8^ 

GUSSETED COST $348.?! 

23.8% equals percentage cost saving arc welded! 

Estimated Total Annual Gross Savings— (a) Calculation of the estimated 
total gross savings for a period of years is impossible because vanation in bmi 
ness OTnditions will necessarily affect the pohcy of the company as to the scope 

of new installation programs. ^ i 

However it is possible to calculate these savings accurately for the year 
1942 «inr(» a de&ite program for this year is now under way. Savmgs tor 
future years may fall above or below these figures depending upon business 

Following IS a computation of the total gross saving for 1942 based on the 
installation of partial reperforator switching systems in 18 aties and complete 
reperforator switching systems at Dallas and St. Louis. ^ 

The total number of the items described in this paper which will be 
required for the 1942 program is as follows; 

FounPosition Receivmg Tables. 

256 Jack Switchmg Turrets ^2 

FouT'Position Sendmg Storage Tables 10> 

On the basis of the savings indicated in the cost analyses herewith, the 
total savmgs for 1942 by the use of arc welding as compared with gussetcd 
construction may be computed as below: 

Saving Total 

Four Position Receiving Tables 155 at $27.62 $4,281.10 

256 Jack Switching Turrets. 52 at 17.98 934.96 

Pour Position Sending Storage Table8-..-105 at 37.51 3,938.55 


Total Saving for 1942....$9.154.61 


The above tabulation of savings does not take into consideration the saving 
in rental for the additional floor area m the operatmg rooms which would be 
required if gusseted tables were used instead of the arc welded type. A com' 
putation of the savings accruing as a result of the redu^on in floor re- 
quirements could not be made unless a complete redesign of the unit were 
undertaken. This would necessitate a detailed study of me proper relocation 
of equipment on the vanous items involved, taking into consideration the Umi' 
tations imposed by operating practices etc. Such a study is beyond the scope 
of this paper and it is believed sufficient to merely call attention to the fact 
that considerable additional savings in this respect arc made possible by arc 
welded construction 
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(b) Since industry in general will not produce structures of the type 
described in this paper, no data on this factor of judgment can be given. 

Advantages Contributed by Arc Welding — ^The advantages to which arc 
welding has contributed directly as set forth in this paper may be summarized 
as follows: 

1. Improved communication as realized by 

(a) Reduction of message handling time to 25 per cent of the 
time required for manual handling. 

(b) Gain in accuracy of message handling. 

(c) Increase of circuit capacity. 

2. Reduction of physical and mental effort and fatigue of the operating 
personnel. 

3. Increased structural strength and rigidity of equipment. 

4. Economy of critical war materials. 

5. Economy and facility of production of this equipment. 

6. Economy of space requirements, thereby directly reducing office rental 
costs. 

7. Reduction of maintenance costs. 

In addition to the use of arc welding in the construction of the equipment 
described herein, maximum use is made of this modem method of manufacture 
in the design, of many other stmetures used in the central offices of the tele- 
graph company, and for providing private wire facilities for large customers. 

Among the more important of these structures may be listed the following: 

1. Carrier telegraphy equipment racks and switchboards. 

2. Main office distributing frames. 

3. Office furniture and miscellaneous operating room tables. 

4. Facsimile telegraphy operating tables and concentrators. 

5* Large equipment assemblies and ‘‘streamlined” operating tables and 
turrets for private wire networks for large users such as the U.S. Steel Corp., 
Federal Reserve Bank System, Sears Roebuck and Co., United Airlines and 
Government Agencies. 



Chapter XIH — Special Check- Writing Machine 

By John H. Gruver 

Designer, Addressograph'Multigraph Corporation, Euclid, Ohio 


Subject Matter: The machine, weighing 3,260 pounds though 
of complex mechanism, runs very quietly and smoothly, in part 
due to the fitting and alignment of parts to an arc welded steel 
bed. This bed was to have been made of 4 cast iron members 
bolted together. Because of difiiculty in getting precision aligns 
ment with this design, the bed was redesigned and made of 
welded structural steel. The weight of the bed was thus reduced 
from 1,200' to 420'pounds and other advantages obtained, in' 
eluding increased life of the machine. The welded beds cost 
only one'fifth of the cast iron beds (for 6 machines), and saved 
8.3% on the cost of the machine. 

John H. Gruver 



Machine Description — Simultaneously with the imprinting of checks, this 
special check'writing machine produces a check copy and three vouchers, or 
transcripts. In addition, it will imprint envelopes for the checks, addressing 
and numbering them. The machine produces 4,600 imprinted checks per hour. 

The check copy and three vouchers are fed through the machine and 
turned twice on angular bars. When completed, the vouchers show ten im^ 
pressions uniformly spaced. These vouchers are then automatically cut into 
sheets, page numbered, certificate imprinted, reversed, and stacked in numeric 
cal order. 

Major units of the machine include a pneumatically^operated feeder for 
the checks and envelopes; four-paper supply rolls individually driven by motors; 
and five imprinting stations automatically controlled. A duahplate discharge 
makes possible continuous operation of the machine without interruption. 

The control unit governing the synchronous operation of the imprinting 
stations, the plate movements, the paper feed, and the page numbering units, 
is an additional interesting development which has been incorporated in 
this machine. 

The forced feed lubrication system is another interesting feature, with 
its approximately 200 tiny copper oil lines reaching from a master cylinder 
to all points of friction and to remote and otherwise inaccessible bearings 
throughout the machine. 

There is also a unique mechanical and electrical safety device which 
automatically shuts oflF the entire machine should any operating unit fail to 
fimction properly. Simultaneously, a trouble light signals to the operator 
the source of trouble. 

Despite the complexity of its mechanism, the machine runs quietly and 
with surprising smoothness. This fact is attributed not only to the use of 
harmonic developed cams and precision bearings, but to the skillful fitting 
and alignment of parts to a sturdy and secure arc welded structural steel bcij 
upon which rest 3,260 pounds of the machine'^s weight. 
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Fig. 1. Spool side of check-writing machine. 


Arc Welding in the Evolution of Co-ordinated Design — ^When the bed 
of this Special Check Writing Machine was first designed, the stipulations 
were that the construction should consist of four cast iron members bolted 
together. This type of construction presented problems as to machining for 
maximum accuracy to accommodate the precision alignment of the functional 
units, and a search was therefore made for another method of construction. 
The remarkable possibilities of arc welding were investigated and its applica^ 
bility was studied carefully. After a thorough investigation it was decided 
that the desired results could be obtained by adopting fiiis method. The bed 
was therefore redesigned and constructed of arc welded structural steel. 

Through the use of this advanced method of fabrication it became possible 
to redesign a bed constructed in one welded unit instead of four cast iron 
members bolted together, and at the same time reduce the length of the 
machine from nine and one^half feet to six and one-half feet, and the weight 
from approximately l,200''pounds to 420''pounds. 

The simplicity of this construction also made it possible to machine the 
entire length of the bed to a degree of perfection so as to maintain the accurate 
alignment of the vital functional units. Likewise, it advantageously permitted 
the drive units, consisting of the motor, speed reducer, and vacuum pump, to 
be mounted in one compact assembly wifhin the structure of the bed. 

Because coordination in the design of the machine evolved through simpli- 
fied construction which was made possible by the use of arc welding, this 
check writing machine, despite its mxt, bis a compact business machine appear^ 
ance. This fact can be readily appreciated by inspecting the photograph. 
Figs. 1 and 2. 

Proportionate Cost Savings — ^Thc use of the arc welded bed construction 
permitted a saving of 8.28 per cent, as compared to the cost of cast iron 
construction. However, this was not the only cost reduction which was 
realised, as the use of the arc welded one-piece bed reduced assembly cost 
considerably. 
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Fig, 2. Arc weldUng permitted simplified construcllooQ. 

Gross Savings Accruing — ^The adoption of arc welded construction not 
only resulted in savings in material and machining labor, but also eliminated 
the necessity for pattern equipment and temporary tools. The^ table which 
follows shows the savings effected by the use of arc welding in the manu^ 
facturc of our special check'-writing machines. 


Cast Iron Construction Cost 

1 Machine 

6 Machines 

Patti>m Kaninm^^^nr - 

$ 563.00 

$ 563.00 

Temporary Tools 

219.00 

219.00 

Assembly Material 

37.50 

225.00 

Machine 6? Material — 

795.00 

4,770.00 


$1,614.50 

$5,777.00 

' Arc Welded Steel Cost 



Material 

-4 21.00 

$ 126.00 

Machining 

174.00 

1,044.00 


$ 195.00 

$1,170.00 


As shown in the foregoing figures, total savings resulting from the use of 
arc welded steel construction for the beds of these machines amounted to 
$1,419.50 for one machine and $4,607 for the six machines. 

Increased Service Life, Accuracy and Effidcncy—Thc service life of this 
entire complex machine, (the Division of Disbursements, U. S. Treasury, has 
rix of these mz^hines in constant operation), was increased because the intrica^ 
operating mechanisms were assembled securely to a rigid one-piece bed. This 
^d, which has a length of six and one-half feet, has had the entire top surface 
maduned by a .050rinch planer cut, thus proving the accuracy of arc welded 
.instruction. 

As a consequence, these machines arc meeting, e&dmtly and 'effirively, 
today^i heavy production schedules because the welded construction mdures 
continuous peak production. 
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Conclusion — ^Although our experiment with arc welding had proven most 
profitable, welding engineers were called in to inspect the welded bed. They 
were able to offer suggestions which contributed to the making of further 
improvements on the five additional special check-writing machines which 
were subsequently constructed and delivered to the Division of Disburse- 
ments, U. S. Treasury, Washington, D. C. 



Chapter XIV— Downdraft Ventilation for Welding Shop 

By Hugh T, Monson 

Plant Engineer, The Euclid Road Machinery Co., Euclid, Ohio 


Subject Matter: Unsuccessful attempts were made to exhaust the 
smokcdaden air from a large welding shop and welding booths, 
each to accommodate four welders and taking assemblies up to 
16 feet wide, were then designed for welded construction, with 
downdraft ventilation provided by fans which exhaust the air 
through 42dnch stacks. The cost of the booths is estimated as 
$2,258 and of the whole installation $11,137. It is believed that 
5-10% greater production will result from the improved work- 
ing conditions. 


Present-day production in our era of world crisis leans heavily upon electric 
welding for producing equipment varying from huge battleships to small 
motors. 

In this wide range of products is a group of manufacturers fabricating 
items whose si^e is of neither extreme mentioned above. They make army 
tpinks, trucks, busses, etc., that generally require indoor fabrication of large 
welded assemblies. 

The writer is engaged in a company manufacturing earth-moving equip- 
ment. This company, like all the others manufacturing articles of similar 
size, has struggled with the problem of properly ventilating the welding shop. 

The Problem— Welding without proper ventilation is annoying, but is 
not a serious health ha 2 ;ard. Welding of galvanisjed sheet metal may cause 
a temporary illness, or fever, commonly known as “xinc shakes'’ or ^'galvo” 
caused by the breathing of zinc oxide in the form of a typical welding fume. 

Metal-fume fever, if acquired, is a condition which usually passes off 
within a few hours. It is seldom encountered, for its acquisition through 
breathing iron oxide, the most common of the metallic oxides, is quite 
problematical.* 

However, there is a more serious problem than health to the average 
industry. Improper ventilation results in less production, for the following 
two reasons: 

(1) Too much smoke or welding fumes cause more time to be takm off 
for fresh-air wal^ and for drinks of water* 

(2) Too much heat accumulates around the welder in warm weather* 

The problem therefore is to obtain proper ventilation around these large 

assemblies in order that we may better working conditions and thereby in-' 
crease production. 

♦‘‘Control of Welding Hazards in Defense Industries'*' Special Bulletin Mo. f, U ited 
States Department of Labor. 



000 


SECTION IX— MACHINERY 


901 



Fig. 1. The two hoods. 


Development of the Problem — In the plant with which the writer is 
associated, increased lose of welding in manufacturing, added to a healthy 
business growth, presented the welding ventilation proUem. 

The solution to this problem was placed in the hands of the author in line 
with his regular duties. 

As an introduction to the investigation of| 'the welding smoke problem, 
manufacturers of fans, welding wire, and welding machines were consulted. 
Very few suggestions were received, but the consensus of opinion was to 
exhaust the welding area in a general way, for the product was too large to 
set up in conventional booths — and to make it more complicated — hoods could 
not be used because the various parts making up the assemblies were so heavy 
that overhead traveling cranes were required throughout the welding plant to 
handle the production material. 

The welding bay is 50''feet wide by 116Teet ddnches long, with a ceiling 
height of 27Teet. It is adjacent to the structural fabricating department and 
had no separating wall or partitions between. This open condition allowed the 
smoke nuisance to be general throughout the plant, for the blowers on the 
unit heaters would distribute the smoke quite generally. Complaints were 
numerous. 

The first step in the solution was to put a steel curtain wall between the 
structural and welding bays from the ceiling to within ten feet of the floor. A 
fan was placed in the welding shop on each eiid of the building monitor to 
create a general flow of air from the structural to the welding bays, thus 
preventing smoke from leaving the welding department. The two fans thus 
purchased moved 20,000 c.f.m. of free air, giving a general flow of air under 
the curtain w^all of 


20,000 X 2 

10 X 116.5 


or approximately 24dineal feet per minute. 


Results were immediate in every department except the welding shop itself. 
There no longer was any smoke in other parts of the plant, but the welders still 
had heavy smokedaden air to breathe. It was apparent that more air had 
to be removed, but was it practical to exhaust so large an area as this — 
178,000-'cu. ft? 

It was decided to let the problem ride along for a while— in the meantime 
further consulting would be done- 
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Fig. 2. Welding in the paint booth. Note flow ol smoko. 

The next practical suggestion came from a representative of the Cleveland 
Safety Council who suggested that a fan- vented hood be built over die large 
in the building trusses above the crane runway. This is high for a 
hood, but it seemed practical for most of the welding was concentrated in 
these large assemblies. 

A large hood 18-feet wide by 40-feet long by 6-feet deep was biult over 
the one area for large assemblies. Considerable ventilation was needed, so a 
large fan was placed in a penthouse above the roof and located centrally in 
the hood. This fan moves 29,000 c.f.m. of free air. _ 

The new installation improved the condition further. Smoke would nse 
into the hood and immediately be exhausted. The improvement warranted 
/<ning the same thin g over the other welding assembly station, so another hood 
was built. These two hoods are shown in Fig. 1. One hood is shown almost 
completely, and a portion of the inside of the second is shown in the upptt 
right'hand corner of the photograph. The building monitor runs between the 
two hoods. 

Throughout the development of ideas on this problem the shop welders 
have offered suggestions. Through their union representatives, they requested 
that a flexible tube, local exhaust system be installed for miscellaneous welding 
of small parts. This was done but did not prove very satisfactory, for the men 
did not want to continually move the flexible tubes. It is now totally discarded. 

Direct cost of this entire development to date is as follows: 


Steel Curtain Wall, Installed — - $ 926.00 

Fans in Monitor, Installed 491.00 

Hoods over Assemblies, Installed,,.,,.- 902.00 

Fans In Hoods - — - - 508,00 

Flexible Tube, Local Exhaust System, Installed 932.00 

Penthouses for Hood Fans - — 230.00 

Electrical Wiring — Estimated 400.00 

Unit Heaters, Installed — — 375.00 

Total..,. „„..„„„„$4764.00 
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This brings the physical progress up to date in the welding shop. The 
problem is partly solved but definitely not satisfactorily solved. 

Progress, in America at least, always stimulates the desire for further 
improvement, and the progress made on the problem herein discussed is no 
exception. 

A J^ew Idea — ^While the company was engaged in the welding ventilation 
problem, another problem was being solved. This problem was the removal 
of fumes and spray particles from spray painting. It was solved with a 
patented DeVilbiss downdraft water-wash exhaust booth. 

The author conceived the idea that perhaps this new system would work 
with welding smoke. However, there are two fundamental differences between 
removal of spray paint and welding smoke: 

(1) Spray paint particles are heavier than air and tend to settle, while 
smoke particles are nearly the same weight as air and tend to rise because 
of the heat generated by the arc in welding. 

(2) Spray particles have considerably more inertia, which affects their 
movement. 

Welding in the existing paint shop would certainly be worth a trial to 
determine the results. 

The Experiment — ^The welding fixtures for a truck body were set up in 
the paint shop on Thursday, May 21, 1942. A truck body was selected for 
the test for, it seemed the most difficult of the assemblies from an air-flow point 
of view, due to its eight-foot width through which no air could flow. 

The results were very satisfactory and are indicated in the following 
photographs. 

The sides of the> truck body are first welded. Fig. 2 and Fig. 3 show this 
welding in the paint booth and the flow of smoke. Smoke flow is away from 
the operator and does not get up to his helmet. Fig. 4 shows the same set-up 
in the present shop under the hood mentioned previously. A corner of this 
hood is shown in the upper left-hand corner. The smoke does not show in 
this photograph, but it was rising straight up. 

The second welding position on the body is shown in Fig. 5 and Fig. 6 
in the booth, and Fig. 7 in the usual location in the shop. Fig. 5 shows the 
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smoke as it leaves the arc and flows under the helmet. Fig. 6 shows better 
the continuation of the smoke flow past the man s legs. Fig. 7 shows the exist> 
ing conditions — ^how the smokes goes upward past the man s helmet. Under 
these conditions a welder breathes the welding fumes— he cannot do otherwise. 

The third set-up is welding inside the body. Fig 8^ and Fig. 9 show 
these positions in the booth and in the shop respectively. It is nearly impossible 
to see any smoke in Fig. 8, since it did not record very well on the film. How- 
ever, the smoke went up eighteen inches or so above the body and then came 
downward along the outside of the body. The difference in atmosphere above 
the truck body in each of the pictures can readily be noted, for there is a 
considerable amount of smoke above the welders in Fig. 9. _ ^ 

Since these assemblies stand rather high in this booth (a 12 -foot booth), 
it was decided to make the welding booth two feet higher, or 14 -feet overall. 



Rg. 4. Welding under hood. 


Design and Description of the New Booth — ^The design of the new 
booth was made by the author upon principles given him by The DeVilbiss 
Co., manufacturers of downdraft booths for spray painting. 

This special downdraft arrangement consists of one side-enclosed cham- 
ber, or booth, with a pair of three-section folding doors on one end. It is open 
at the top to permit the entrance of free air. 

The booth has a top opening of 12 x 24-feet or 288-square feet. The air 
moved through this booth is 45,060-cubic feet per minute# leaving a lineal 
or facial velocity through the top opening of 156-feet per minute. This is 
somewhat in excess of the velocity used in paint spray booths, which runs about 
125 to 1 3 5 -feet per minute. The excess velocity was thought desirable because 
of the heat generated by the arc. It 4iould be noted that working in moving 
air of this velocity does not seem to cause any objectionable drafts. 

The top of the side walls slope inward at an angle of 45 degrees, and 
along these slanting panels there are openings to accommodate 12 light reflectors 
of a long range design which will accommodate 300- to 500-watt light bulfc^. 

An area 16-feet wide by 24-feet long is provided for the road machinery 
assemblies to be welded in the booth. The 14-foot sides of this enclosed 
area are supported by six 4-inch pipes imbedded two feet in Concrete. There 
are no cross braces on the top opening so that material may be handled into 
and out of the booth freely with an overhead traveling crane. 

The air entering the booth at the top flows downward to the bottom of 
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each of the side walls where it enters a two foot wide opening running the 
full length of the booth. Passing through this opening it enters a chamber 
nine feet high by two feet wide. The air flows along tlfls chamber to the rear 
of the booth where it enters a 42dnch vertical stack through which it is 
exhausted to the outside atmosphere. There is a vertical stack for each side 
of the booth, each containing an exhaust fan which moves 22,530'Cubic feet 
of air per minute at |/^^inch static pressure. Each of these fans is driven 
through a Vee^belt drive by a 3-horsepower, 1725 revolutions per minute 
motor specified for 220 volts, 60 -cycle, 3 -phase current. 

Two design characteristics should be here noted: 

(1) That the side air chambers (9-feet x 2-feet) are rectangular in vertical 
cross section from front to rear of the booth. This nine foot dimension is 
maintained for the full length in order that the point of minimum quantity 
of air flow (the front of the booth) has the minimum amount of air restric- 
tion. 

(2) That J4dnch static pressure is used for calculating fan specifications 
in dry systems with normal flow restrictions. 

It should be noted also that the exhaust stacks, which extend about 6 feet 
above the roof, are located in a lean-to about ten feet high at the rear of the 
shop. This lean-to is an existing building. 

Provision is made to anchor the stacks with guy wires and to drain rain 
water from the base of the stacks. Automatic dampers are located in the 
stacks to prevent cold air from being drawn into the building by exhaust fans 
in other booths if the booth is not in operation. A roof flange is provided, 
and also a removable panel for access to the exhaust fan. 

The sides and rear of the booth are constructed of 2-inch x 2-inch x 
angles welded into three separate frames for each side and the rear. To these 
frames are welded the same si 2 ;e angles for vertical reinforcement approxi*- 
mately every three feet along the length of the panel. Each frame is covered 
by 18-gauge black steel sheet tack welded to the frame. Air chambers, doors, 
etc., arc of similar construction — 2-xnch x 2-inch x Y 4 'mck angle framework 
covered by IS-gauge sheet. Sides are welded to pipe columns and remaining 
assembly arc welded together. 

The booth is painted dull black inside and out to minimizie welding arc 
reflections. 
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Hg. S. Another view of the second welding position in booth. 


Shop Layout — ^Four booths are provided as shown — two Id-'feet wide 
and two H-feet wide. 

The 12^foot booths are of the same construction, as the 16'foot booths. 
They are provided with two JJ-607 DeVilbiss 34dnch diameter propeller-'typc 
fans each moving 14,750 c.f.m. of air at J4"hich static pressure. Each fan 
is driven by a 2-horsepower 1725 revolutions per minute motor. The top 
opening for these booths is 9-feet wide and the bottom openings at base of 
each side panel are 18-inches high. The width of side air chambers is also 
18-inches. 

The steel curtain, shown on drawing, is raised to within seven feet of 
the shop ceiling which cuts the velocity of air flow from the main plant, from 
which half of the 159,120 c.f.m. required for all booths will be drawn. This 
leaves a lineal air velocity of approximately 34-fect per minute. 

The flow of material through the welding shop is indicated by arrows. It 
comes in from the fabricating or structural department as shown and leaves 
for painting where shown. 

All welding will be confined to the booths with the exception of tack 
welding in set-up areas indicated. Smoke from set-up welding will be exhausted 
from these same booths, for all present fans will be removed leaving all air flow 
through the booths. 

Four welding machines are provided in each booth. One man of the four 
operating in each booth will be a booth foreman, responsible for the output 
of his booth because the enclosure prevents the welding supervisor from 
watching operations. 

Large assemblies will be welded in the two large booths; small parts and 
smaller assemblies will be welded in the smaller booths. 

Welds will be cleaned in the building where indicated. 

Three unit heaters will be provided as shown. One heater will operate 
an and off automatically with each of the two large welding boo^ The 
ihird heater wiU operate automatically with cither or both of the mall boc^Jbs. 
ftJl intake air for these units is to be taken from outdoom. 

Smimg^ tfaroi^h luxation of New Booths— Since the wdding 
moke Is still such a nuisance in the weldine'' shoo, tt m Irnmxm t'K-af 
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tion will improve working conditions for the two reasons previously mentioned: 
the smoke nuisance in winter will be practically eliminated, and the heat 
nuisance in summer will be greatly reduced. 

Because this idea of downdraft ventilation was conceived too recently to 
get any further than the design and experimental stage at the time of writing 
this paper, the proportional cost saving over the previous ventilation method 
— ^in terms of production — can only be estimated. 

For calculation purposes this will be estimated low. The author, the 
methods department, and the factory manager believe a ten percent increase 
in production can be attained by improving working conditions as proposed, 
but for purposes of calculation a five percent increase will be used. It is 
certain that three minutes out of every hour will be saved in this shop. 

This saving applies to the welders in each of the four booths and to 
cvetyone working in the welding department. In calculating the annual 
saving derived, only the welder’s time will be figured. The output of the weld 
chippers, or cleaners, will not be taken into account, in order that the estimates 
made will be even more conservative. 



Fig. 7. Smoke iravels upward post the welders' helmets* 

Estimated Total Annual Gross Cost Savings — ^The total annual savings 
derived fromithe installations of the arc welded booths in the company with 
which the author is connected will be again translated into terms of production 
in view of the fact that this company will not manufacture these booths for 
sale, but will use them as a means to cut costs in its own product. 

The gross annual saving to be derived will be as follows: 

The welding shop has been operating ten working hours a day on a fi.vc day 
per week basis with two shifts or 100 hours per machine per week. 

For twenty machines there will be 20 x 100 x 52 or 104,000 hours per 
year. ' 

At the company rate of $2.50 operating cost per hour, the total yearly 
cost of operating this number of hours is 

104,000 X 2.50 == $260,000 per year 

Increasing production five percent means that the company would produce 
105 

■ - — - X 260,000 or $273,000 worth of work for $260,000 
' 'The company, therefom, would save $13,000' per year. 
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Fig. 8. Third setup of welding inside the booth. 


Since there are operating costs in connection with the installation of these 
booths, these should be deducted. 

The operating costs include costs of electric current and coal used to re- 
place heat removed from the building. 

The two large booths use six horsepower each, and the small ones four 
horsepower each. The heating units each require a five horsepower motor, 

(2 X 6) + (2 X 4) + (3 X 3^) = 35 horsepower. 

Since 14 horsepower will be eliminated by removing the present fans, the 
net horsepower addition will be 

35 — 14 or 21 horsepower 

Assuming that these motors are 85 per cent efficient, the input to them is 
— since there are 746 watts in one horsepower — 

X . 71 6^ 18,430 watts or 18.43 kw. 

.85 

Operating these motors 20 hours per day at the company cost of .67 cents 
per kwh. 

20 X 18.43 X *67 = 246 cents or $2.46 per day 

2.46 X 5 X 52 = $639.60 per yr., added cost of , 
electric current for motors 

Cost of operating additional booth lights, assuming they will require light 
15 hours a day for all 48 of the 500 watt lamps: 

2.41 X 5 X 52 = $626.60 per yr. added cost of 
electric current for lamps 

$639.60 + $626.60 = $1266.20 yearly cost of electric 
current 

The first Iieat calculation to make is the determination of heat capacity in 
B.T.U. per hour required to replace the heat loss of the air exihausted. This 
is necessary to determine the sisc of the unit heaters required.^ 


‘•‘Heat calculations were made with the assistance of Valentine of the Consulting 
Bnglneering irm of Mayer & Valentine of Cleveland, Ohio. 
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There are 159,120 c.f.m. of air exhausted from the four booths. The tem^ 
perature to be maintained in the welding department is 60 degrees F. when 
the outside temperature is 10 degrees above 2;ero. The factor 55.5 is used to 
convert cubic feet air per hour into B.T.U. per hour for a given temperature 
rise. C.F.M. must be converted to cubic feet per hour. 

60 (60^10) ^ 8,600,000 B.T.U. per hour 

After a check was made with The DeVilbiss Co. on their experience with 
heat losses through spray booths, it was decided that half of the heat exhausted 
would be replaced. This judgment was based on the following reasoning. 



Fig. 9, Third setup of welding in the shop. 


(1) The area of the main plant from which the remaining 50 per cent of 
the heat is to be drawn is quite large. It comprises some 777,500'Cubic feet 

(2) The construction of this plant is sheet metal and glass through which 
a considerable amount of heat is lost through openings. This heat will now 
be taken out through the exhaust system. 

(3) Temperatures through the main plant will be maintained more uni' 
formly at the various levels above the floor, because of the amount of air 
circulation that will be caused by the fans. At present, temperatures in excess 
of 100 degrees F. exist under the roof. The air circulation will maintain a 
temperature under the roof that is more nearly the 65 degrees F. working level 
temperature maintained in tlris part of the plant. This gives a reservoir from 
which heat may be drawn, much of which is now escaping through openings 
in the steel building at temperatures of 100 degrees F, This is perhaps the most 
important consideration in arriving at this 50 percent figure, for the heat 
that will normally go to building this temperature up and maintaining it can 
now be exhausted by the fans without notice. 

From this consideration it therefore may be said that 4,300,000 B.T.U. 
per hour will be provided, and since 500,000 B.T.U. per hour already has been 
provided for heating air that we now exhaust, this figure should be reduced 
to 3,800,000 B.T.U. per hour. 

Dividing this by the three unit heaters desired, there will be 1 ,267,000 
B.T.U. required of these heaters. Heaters having 1,250,000 B.T.U. per hour 
were selected. 

In order to compute the heat loss per hour for the season and the cost 
of coal therefrom, it was found that such calculations are based on an average 
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outdoor temperature of 35 degrees F. for a seven and one-half month heating 
season in the location in which the company is situated. 

159,120 X 60 (60-35) __ 4 iqq 500 B.T.U. per hr. 

55.5 

Since half of this is to be supplied, and of that half there already is 
provided 500,000 B.T.U. per hour, there are 

(4,300,500) 500,000 = 1,650,250 B T.U, per hr. to be supplied 

This figure is converted into square feet of equivalent direct radiation per 
hour by dividing by 240, 

= 6,876 sq ft. of E.D.R. per hr. 

240 

Using J4 Ih. steam per sq ft. E D.R. 

-cs 1717.9 lb. steam per hour 

Assummg the boilers evaporate 7 lb. of steam per pound of coal burned, 
■= 245 lb. coal per hour 

With a coal cost of $3 89 per ton, and a 20'hour day operation, 

245 X 20 X ^ 89 _ jp y2 per day cost of coal 
2000 ^ / , , 

For five day week operation for lyz month heating season, 

9 52 X ^ X 4.33 X 7-5^ = $1548 00 per yr, cost of coal 
$13,000.00 — (1271.00 + 1548 00) = $10,181 annual 
saving with this installation 

Cost of the Booths — It was decided to fabricate the welding booth in the 
company’s own plant. 

The estimated cost to fabricate and erect tbs structure is as follows; 

8400 lb. steel at $.03 per lb $252 00 

125 bs. labor at $2.50 per hr 312 50 

Total cost for 16 ft. booth $564.50 

Tbs figures a cost of 

or 6.72 cents per lb. for the completed prod- 

8400 

uct This check seems to be in line vvith our costs for such a job. 
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An attempt was made to get a comparative cost on a sheet metal booth of 
the design DeVilbiss uses, but no one was able to submit this figure m suffiaent 
time. The writer s company is not equipped to do sheet metal fabncation 

The sheet metal booth is made up in three foot panels around the sides of 
the booth as in the design sketched in Fig. 10 Fig. 11 shows the arc welded 
design. 

The sheet metal design requires forming each edge round, bending the sheet 
at 90 degrees, and punching holes every O-inches in edges where indicated. 

There is a considerable amount of assembly work after the panels are fabri- 
cated. 

It is believed that this booth would cost 20 per cent more erected than the 
arc welded booth proposed. 

There is little difference in the costs of the 16-foot and 12-foot arc welded 
booths, so the four will be considered to cost the same price each. 

564.50 X 4 = $2,258 00 Total Cost of Booths 

Cost of Installation — ^The cost of this installation is as follows* 


Motors and Fans, DeVilbiss Co $ 1,712.00 

Heating Equipment, estimate by Mayer Valentine 4,000.00 

Light Reflectors, Elliott Electnc Co 167.00 

Electrical Installation, estimate by Parker Electric Co, includes 

labor, switches, controls, conduit, wire, etc 3,000.00 

Welding Booths, Installed 2,258 00 


$11,137.00 

Note the comparison of this installation for $11,137 00 against $4,764.00 
spent for previous installation which did not reduce welding costs by in- 
creasing production. 

On this basis the installation would pay for itself in approximately thirteen 
months, which makes it an excellent mvestment. 

It should be noted that the existing boilers have suflGicient capaaty to 
handle this extra heating load, but will have to be forced in extreme weather. 
Boiler capacity is an important consideration in the analysis of this problem. 

AppUcaticm to Industry in General — ^The downdraft ventilation idea 
for welding booths is a new application of an established ventilating idea. The 
new application has been successfully tested, as previously described and 
shown. This idea is believed to offer considerable merit for any plant engaged 
in manufacturing large welded assemblies. If applied, the arc welded booth 
as herein described can readily be made by the company desiring the booth. 

Cost advantages should prove favorable in most all cases. 

There is still another suggestion not previously mentioned. In plants weld- 
ing small bendh assemblies, an open steel grating could be used for a table top 
widi downdraft ventilation through the table grating in a similar application. 

SocM Advantages and Conclusion — This paper so far has treated down- 
draft ventilation in terms of dollars-and-cents results without much mention of 
the sodal advantages to be gained by its adoption. 

It means a great deal to a welder a peace of mind to have the room in which 
he works dear of smoke as soon as he stops welding, and to have the smoke 
pulled away from his helmet whde he is welding. Al^ough the health hazard 
is not serious, it exists and undoubtedly worries the average workman who is 
f oswed to inhale anoke all day. 
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The welders used in the experiment, and their foreman, showed consider" 
able enthusiasm. They commented that this was something that should have 
been done long ago, and that at other plants in which they had worked the 
same problem had been worked on without satisfactory results. 

The evening on which the experiment was conducted was somewhat warm, so 
quite a bit of emphasis was put on the cooling effects of this ventilation. The 
movement of air not only carries away the heat, but also evaporates perspira" 
tion from the body and cools the body accordingly. Welding clothes, of course, 
arc quite warm in the summer time. 

The most remembered remark made by any of the welders used in the 
experiment was, 

‘'“We certainly could do a lot more work under conditions like these.” 



Chapter XV — Thoughtful Welding of Machine Parts 

By A. E. Niederhoff, 

Senior Engineer of Design, U, S. Army Engineers, Portland, Oregon 



A. E. Nfederhoff 


Subject Matter: Miter gates and gate machinery of unprece^ 
dented size are used on the lock lifts to raise ships from the 
Columbia River to the reservoir behind Bonneville Dam. The 
machinery includes 4 sector arms subject to large varying stresses, 
both bending and axial. These were to have been steel castings, 
each weighing 1,350 pounds but actually were made of a part^ 
cast and part-'welded design. In the winter of 1 941^42 one failed 
due to ice in the locks. It was quickly repaired by welding at 
large saving. The others were then removed, straightened, and 
reinforced by welding. In 1942 an all welded sector arm was 
designed, and though of higher ‘‘cost in place," it is stronger, 
more durable, and much more easily and quickly obtained. 


A big difference exists between machinery designed for welding and just 
welded machinery. Where thought is given to modern proportioning of 
parts, working stress in the welds, time element, fabrication costs, number 
of individual pieces and final appearance, the resulting machine will be found 
to be more serviceable, more durable and will frequently cost less initially 
than a machine that was "‘just welded”. The science of designing welded 
machinery has progressed in the last five years to a point where predictions 
of adequate performance can be made if the basic principles of mechanics 
and metallurgy have been followed in the design. 

A case in point is the heavy machinery \jsed to open and close the miter 
gates on navigation locks. At Bonneville, Oregon, one of the highest lock 
lifts in the world literally raises ocean going boats from the lower Columbia 
River to the deep reservoir behind Bonneville Dam. The height of lift and 
the deep draft of ships necessitated the use of miter gates and gate operating 
machinery of unprecedented si^e. The gate machinery is located in the 
concrete lock wall near the top of the gate and consists of a motor driving 
through a flexible coupling, gear reducers, gear train, sector wheel, sector 
arm and an operating strut connected to the gate. 

The sector arm, designed by the U.S. Army Engineers in 1935, was a 
carbon steel casting weighing approximately 1350 pounds. When assembled, 
it is bolted to the sector with 1 launch diameter fitted bolts. The other end 
of the sector arm is pinned to one aad of the operating strut* 

Stress in the sector arm is combined bending and axial stress and is figured 
on the basis of 250 per cent of the normal torque of a 30 horsepowa: motor 
running at 792 revolutions per minute. Actual measurements of force to open 
the large gates in moderate weather and without wind indicate that less than 
a six horsepower motor is required for this duty. However, the gates must 
be operated against abnormal loads such as wind, ice and opposing currents 
in the water* For ihas reason a large 'prune mover is chosen and the rest' of 
the machinery designed to resist stresses imposed by this motor operating at 
a maximum torque of 250 per cent of normal. 
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Fig, 1, (above). Old sector arm repaired with welded reinforcing plates. Fig. 2, (below). 

New arc welded sector arm. 


There are only four sector arms required for the navigation lock machin'' 
ery and the sub-contractor for the machinery elected to fabricate the sector 
arm of welded steel plate. This design employed a cast steel hub at the pin 
end and a cast steel bracket on the opposite end of the arm. Fillet welds were 
used throughout and no vee cuts were made in the parent metal.^ The lower 
flange was made of Ij/^-inch plate 9-inches wide and 7-feet, 

The web, fillet welded to the flanges and stiffeners, was made of lyidnch 
plate and had large lightening holes cut out of it centering on the neutral 
axis. It is to be noted that the lightening holes were conriderably larger 
than allowed in the cast steel design. This web was carried through the top 
flange on the pin half of the arm, obviously to provide a more secure grip 
and longer lengths of fillet welding the cast steel hub, A top flange was made 
up of four distinct pieces of plate, each fillet welded to the other or to the 
web and without benefit of beveling or veeing the joints. Welded design 
of this type was considered acceptable in 1936. 

The winter of 1941-42 was an extremely cold one in the Pacific Northwest 
and ice formed on the Columbia River.’ An attempt was made to keep the 
navigation lock gates in operating condition by small, periodic movements 
during the cold snap. The idea was successful until one of the lock tenders 
coming on shift swung the gates too far, crushing and packing the ice be- 
tween the gate and the lock wall. The strain was more than the sector aim 
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could stand and it failed through the fillet weld and the corner of the middle 
lightening hole. 

Navigation on the river was stopped by ice and there remained about one 
week in which to repair the broken arm or to fabricate a new one. Steel 
shortage at this time made it impossible to make a new sector arm in this 
limited period so the broken arm was reinforced by carefully burning and 
chipping out a vee on the crack and electric arc welding the severed parts 
together. Only a small amount of welding rod was deposited in the vee at 
each pass of the “stinger” and each bead was carefully peened to relieve 
locked in stresses and to improve the grain structure of the weld metal. In 
addition to joining the parent metal by arc welding, the three outshie 
lightening holes were fitted with beveled lJ4dnch plate (the only thickness 
of steel plate on hand) and welded all around. Drainage was provided by 
a one inch diameter hole drilled in these fitted plates. The entire repairs 
and reinforcement of the arm was carried out by arc welding, (See Fig. 1) , 
and the success of this emergency application of the process is indicated by 
the fact that the reinforced arm has been on duty for five months without 
apparent distress in any of the parts. 

Inspection of the remaining three sector arms showed them to be bent 
and strained in the same place as the arm that failed. It was decided to 
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make an all arc welded spare sector arm, (See Figs 2 and 3), to be substi- 
tuted for the distressed arms, one at a time, and to permit repair and rehabili- 
tation. Straightening the old arms and fitting plates in the outsi 2 ;e lightening 
holes cost $147,21 per arm divided as follows 


Shop labor (welder and helper) $60 00 

Remforcing matenal 13 49 

Labor for straightening and machinery 48 00 

Shop and supervision expense 25 72 


$147 21 

A 1942 machme part, an improved arm, was designed in four hours, 
material was delivered to the shop in two days and the complete fabrication 
and finishing took 216 man-hours makmg a total of approximately 8 days 
to make a part that would have required at least a month due to prionties, 
etc , if made of carbon steel casting The cost was $458 60 divided as follows: 


Labor $217 30 

Matenal 188 14 

Shop and supervision 53.16 

Total $458 60 


It must be remembered that this arm is subject to the same loads as the 
original cast steel or the 1936 welded design It differs from the earlier 
welded part in three vital respects First, plate steel is used to make a lami^ 
nated hub at the pm end instead of using a casting The opposite end of the 
sector arm is also built up of arc welded steel plates instead of a casting. This 
alone saved several days since the pressure of war production made it virtue 
ally uncertain when a special casting could be made at local foundries and de- 
livered to the shop Secondly, the top flange is made of one shaped plate, 
arc welded to the web Where extra thickness and a keyway were required, 
%-inch doubler plates were welded on top of the top flange. The third im- 
portant change was the use of a solid web with relatively small drain holes 
drilled in it 

Further mention should be made that the new design utilises one thick- 
ness of plate for the web and flanges which is lighter construction than the 
previous design and permits greater ease in welding and a reduction in 
shrinkage stresses. The amount of welding on the flanges was reduced by 
making the top flange continuous through the critical section. The hub was 
built up of ring plates with the continuous web plate forming the central part 
of the hub. These ring plates were beveled and a vee weld of sufficient 
strength used to resist the moment produced by the maximum loading on 
the pm connecting the arm to the strut. 

In order to compute the maximum combined stress, it is necessary to find 
the strut loading produced by the maximum motor torque for various posi- 
tions of the sector arm so that the resultant strut loading can be resolved into 
components perpendicular (P^) and parallel (P) to the neutral axis of the 
arm If there is any doubt about the locations of the critical section, and this 
is apt to occur since it is difficult to visualise the effect of a combined stress, 
the strcvss should be found at several sections along the arm m order to find 
the maximum In this particular case the position of the critical section was 
known because of the failure 
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The following table gives data needed for the stress computation and is 
based upon 250 per cent of the normal torque of a 30 horsepower motor 
at 792 revolutions per minute and an overall eflSciency of machinery of 70 
per cent. Position O indicates the position of the sector arm when the gate 
IS m the open, or recessed position, and position 10, gate m closed, or mitered 
position The angle, O, is the angle formed by the centerline of the strut 
and the neutral axis of the outer end of the sector arm, 


Position 

Max Strut 

Load — Lb 

e 

Deg 

Load X 

To Sect. Arm 

Load II 

To Sect. Arm 

0 

! 245,000 

25 

103,500 

222,000 

I 

172,000 

33 

93,700 

144,000 

2 

133,000 

43K 

91,700 

96,500 

3 

110,000 

54 

89,000 

64,700 

4 

94,500 

66 

86,400 

38,400 

5 

86,300 


84,700 

17,200 

6 

82,600 

93 

82,500 

4,130 

7 

85,500 

108 

81,250 

26,400 

8 

95,200 

125 

77,800 

54,600 

9 

123,000 

142 

75,700 

96,800 

10 

214,000 

162 

66,200 

210,000 


The combined stress at the critical section is the sum of the compressive, or 
tensile stress, and the maximum flexual stress, S = Sc + Sf 


Sc 


— and Sf 
a 


Me 

I 


pi Xc 
I 


The cross sectional area of the cntical section is 49 3 5 'square inches The 
neutral axis is found to be 1 1 2'inches from the narrow flange, the total depth 
being 21 'inches, the moment of inertia 5,546'inches^, and the moment arm 
36'inches 

L = _Z_ 

a 49.35 
pi X c ^ pi 
I 13.75 


The following table gives values of stress for various position of the arm. 


Position 

P 


1 P + Pl 

0 

4,500 

7350 

12.050 

1 

2,920 

6,800 

9,710 

1 

1,950 

6,650 

8.600 

5 

1,310 

6.450 

7,760 

4 

770 

6,280 

7,050 

5 

348 

6,150 

6,435 

6 

S4 

6,000 

6,084 

7 

535 

3,900 

6,435 

S 

1,100 

5,670 

6J70 

9 

1,960 

5,500 

7,460 

10 

4,250 

4m 

9,050 
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For a comparison, the following table gives pertinent information concer^g 
the strengths of the all welded arm and the welded and cast arm at the critical 

section. 


Item 

All Welded Arm 

1 

■ Welded and Cast Arm 

Depth of Section 

21 in. 

18 m. ' 

49.35 sq. m 

34 5sq in. 


5,546 m * 

1,986 m * 

220 in » 

6,430 p s.1. 

XVXv/ULlwXlW viJL 

Max. Section Mod 

495 in s 

4,500 p s 1 

Max. Flex. Stress. 

X R+rf*!?!? - 

7,550 p.8 1 1 

12,050 p 8 1. 

11,300 p.8 1. 

17,730 p 8.1. 

1,510 lbs 

Weight — 

1,488 lbs. 


Weight comparisons between the cast steel, welded and cast steel, and the 
total welded arms are given below. A computed weight is the best informa- 
tion on the cast arm but the other weights were actually taken on a scale 
to make the daU as accurate as possible. Costs are also listed based upon bi 
prices in vogue in 1935 for the cast steel and for the welded and cast steel 
arms. The 1942 costs for the improved arm were conscientiously kept as a 
matter of record. Emphasis should be given to the fact that a ch^p part 
that fails within five years is not as economical as a well designed, durable, 
but more expensive part. 


",giT 

Type of Arm 

Wt. in Lbs. Cost m Place 



isyo 

$266.50 

v«.iclSU OtwCX ^ 

1510 

231 60 

WeiClco SluQ oceei v 

All Welded (1942) 

- -- 1488 

458 60 


The actual saving in making an all welded sector arm is more real than 
apparent To make one cast steel arm would have meant that an expensive 
pattern must be made first, a pnonties rating must be obtained from Wasl^ 
ington, D C , a foundry would have to be located that was not jammed with 
war orders and could make the part within a reasonable time. Experience 
along this line indicates a minimum delay of 30 days for a casting and a 1942 
cost ranging up to $800 Actually, it would be problematical u the xwrk 
would be done at all since all shops on the West Coast are contributing their 
faalities to the war effort 

Any delay in traffic through the lock caused by a breakdown of operating 
machinery means a serious loss to shippers. This loss cannot be estimated 
but it suffices to say that dependability of machines is of the utmost import^ 
ance. It is common knowledge that rolled plates are more dependable in 
strength than castings unless elaborate and time consuming methods of 
amination are employed. Time could not be wasted in this instance. 

Thoughtful arc welding not only mcreased the strength of this machine 
part designed and fabricated under the author’s supervision but also 
hanced the appearance and reduced the time required for making the piece 
because matenals were on hand The arm has been in service for three 
months and under trials that sheared certain pins m other parts of the miter 
gate machinery, showed no distress or signs of failure. This actual, not 
hypothetical, case of applying modem design and technique of arc welding 
has solved another problem. 


Chapter XVI — ^Arc Welded Tubular Aircraft Jigs 

By Richard H. Holmes, 

Production Design Engineer, Curtiss Aircraft Co., Buffalo, T^eiv Yor\ 



Subject Matter: Arc welded tubular aircraft jigs make for (fbeaper 
and better production. How the production design engineer 
facilitates the design of parts and assemblies for easy tooHng is 
first described, followed by a description of jigs and fixtures for 
the center wing panel of a large transport plane. Arc welded 
tubular steel affords the best, most rigid, and cheapest construc- 
tion of jigs. The material is also easiest to obtain. Savings of 
43-66% in labor cost are shown as compared with bolt and 
dowel construction on structural steel. The total saving amounts 
to $500 per jig and would total nearly a miUion dollars annually 
for the industry. There would also be few accidents to workmen. 


Rlchaftl H. Holmes 


The key to successful production schedules in aircraft plauits depends to 
a large degree on tooling. Aeronautical engineering has made rapid progress 
in the past ten years as a result of the many schools which have been estab" 
lished and the establishment of various research laboratories, but aircraft tooh 
ing has not been given the attention it deserves. No tooling schools of any 
consequence have been established. To the writer’s knowledge no books on 
aircraft tooling, jigs, and fixtures of real merit have been written. 

Development — One reason for this is that airplanes were not manu^ 
factured on a really productive scale, and therefore extensive tooling was 
never thought to be necessary. However, in the past year or more, the 
situation in aircraft production has changed. To cope with the current 
accelerated war production for aircraft and to compete in the vast and 
lucrative transport markets of the future, aircraft tooling is expanding and 
developing rapidly. 

It will, therefore, be the purpose of this article to show how arc welded 
aircraft tubular jigs have, through careful planning, proved themselves in 
affording better production in the construction of Curtiss transports, over 
other types of Jig construction. 

In an endeavour to represent the artide in an intelligent, clear and inters 
csttng manner, the writer shall begin with a brief discussion on how the pro- 
duction design engineer facilitates the design of parts and assemblies for easy 
and simple tooling. How the production design engineer coordinates and 
cooperates with planning and tooling departments in selecting the type of 
jig and fixture needed, me method of constructing the jig and the material 
required; how in conjunction with the above the planner will route or plan 
tire part or assemblies to, be fabricated through the plant and how they shall 
be handled on the jigs; how the tool designer win begin and develop the 
detign handed down to him from decisions made by the enginceriiig and 
planning departments; how the ^shop when finally receiving the jig: and fix- 
tore detign* begins manufactomg on il Then finally how the results 
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Fig. h (left). Ends of casing torch cut for base oi fixture. Fig. 2. (right). Casing torch cut 
for center panel of moin ossembly fixture. 


through ease of manufacture and costs analysis prove that the decisions and 
designs were correct. 

Coordination— In the Cxxrtiss aircraft plants the primary purpose of the 
production design engineer is to be responsible for the parts or assemblies bc" 
ing designed to obtain maximum shop production. Experience has shown 
that about 90 per cent of the layout engineers do not have a very good 
conception of where a part goes to be made, how it is to be made, what tools 
are necessary to make it and how much it will cost to make it. The production 
design engineer and staff has usually had at least two years of shop experience 
in either tool design or production planning besides five to six years of actual 
layout and design in the engineering department. 

In addition they have a well-rounded education from some reputable 
engineering college. With this knowledge and experience they are consUntly 
observing the process and procedure of the layout engineer in groups such as 
fuselage, wings, nacelles, power plant, etc., and making suggestions to him to 
improve his design. Assemblies that orginally started with eight or ten 
pieces are simplified to three or four. Further advice may provide bend 
radii to be made greater, and tolerances to be made more lenient, large parts 
to be broken down in order to facilitate tooling and manufacturing. Sheet 
metal parts are designed to meet requirements for blanking die, hydro^press 
or drop hammer operations. Proper materials to afford the greatest strength 
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with the lightest weight are continually being recommended by the produc-* 
tion design engineer. 

Since alloy aluminum may be purchased in a soft or hard condition, it is 
highly desirable to design and make parts from stock in the hard condition 
wherever possible. Soft stock, after forming operations, requires heat treat- 
ment to bring up to the tensile strength needed, and heat treatment is al- 
ways an expensive operation in aircraft manufacture. For instance, the 
parts must go to the ovens, then be allowed to cool, then back to the form- 
ing operation for restrike in order to eliminate the warpage caused by heat 
treatment. All this sometimes requires special fixtures. These fixtures should 
be minimi2;ed by designing the part properly and calling out the proper 
material. 



Hg. 5. Fixtures bolted and dowolod to attaching faces welded to tubes. 

Probably one of the most important duties of the production design 
engineer is to see that parts are standardized as much as possible and that 
they are designed to be interchangeable with left and right hand conditions 
on the airplane. From the foregoing it should readily be observed, then 
that the design of a part must be considered with relation to the design^ of 
the tool which is to hold it in place. Simplification and more simplification 
of design is essential so that tooling can be made simple and fool-proof. 

In order to assure himself on signed approvals made on engineering lay- 
outs, detail and assembly drawings, the production engineer will coordinate 
the problem with the production planning department. Through this coordi- 
nation and cooperation between departments, the design is ‘"frozen**' on the 
engineering layout board and costly changes and delavs are thereby mini- 
mized before they reach the shop. To give a brief and clear understanding 
of the planning department it will be wise to describe the function of the 
planners, Thek men plan the intricate routing of the part through the 
plant. That is, tl\ey write operation sheets showing which department is to 
start making the part, what loft templates will be needed to make the pattern, 
what machines *and tools will be needed, what type of processing will be 
used on the parts, what time or priority is essential in each department for 
the part to be ready at the correct time, etc. As an illustration refer to opera- 
tion sheets I, II and HI. 
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The planners also give the orders for the type and amount of jigs and &X' 
tures to Be made. Further recommendations to simplify the part or assemblies 
after a more detailed investigation by the planner may be made here. This is 
called a ^‘Planning Request for Engineering Change’’ and is submitted in 
wnting to the production engineer for consideration 

Design — ^The writer realizes that to cover thoroughly the large scope of 
engineenng, planning, tool design and shop plans, and preparations in order 
to make jigs and fixtures for an entire airplane, would be an enormous task. 
It would take more words and illustrations than are normally found in a 
thick textbook. 

However, to illustrate a condition that presents a similar method and 
problem on the same airplane, one should select a typical condition. The 
typical condition for jigs and fixtures in this case will be the center wing 
panel of the largest twin engine transport xn the world. As has been men" 
tioned before, the production design engineer coordinates with the planning 
and tool design department during and after the conception of the design 
After a few conferences held between key personnel of the engineenng, 
planning and tool design departments, it was decided to build the panel" 
trailing edge down for the following reasons: 

(a) Minimum amount of jig and fixtures are removed in extracting the 
wing vertically, 

(b) Ease of o:tractiion is further induced because of the wing’s natural 
taper toward the trailing edge. 
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(c) Approximately five feet of height may be saved on the jig structure 
because the leading edge assembly shall be assembled on a sub-assembly jig 
and wdl require no further jigging on the mam wing panel jig 

(d) Key held fixture points, such as flap supports and aileron hinge 
brackets are close to the floor where ngidity and working facilities are maxi- 
mum. 

(e) Low Jig structures mean less left for workmen to raise equipment. 

The tool designers worbng under the direction of the planning depart- 
ment took the foregoing decisions and proceeded to thoroughly visualize the 
parts and assembhes to be held. Tool orders were submitted (Refer to “Tool 
Order”) and the design of the jig and fixtures began. After considerable 



TOOL ORDER 














SECTION IX— MACHINERY 


y-i:> 


consultation and coordination with the writer, due to his position and previ^ 
ous experience in large jigs, the following basic principles in good jigging 
were submitted to assure accuracy and interchangeability of parts* 

I, Rigidity of Structure — a) Minimisjing of deflection by using heavy 
steel members such as tubes and channels for main frames, 

II, Accuracy — -a), Adjustable pads to correct jigs deformations and 
deflections; b), Foolproof’' in order that inexperienced men may not jig 
parts incorrectly, c) , Main construction to be adapted for use in future ship 
construction; d), Jig construction to readily take removable wheels, so that 
it may be rolled and relocated at any time. 

III, Accessibility to Part — a) , Ability to retract fixture so that part may 
be readily removed, b), Clearances for rivet guns and tools; c). Opening for 
men to get through: d). Ease of assembling parts, e), Sharp edges and prO" 
truding parts such as bolt heads or clamps to be minimized or protected in 
order to afford safety to workmen. 

IV, Accessories — a), Platforms of ample size for men and material; b). 
Benches handy for keeping tool boxes, grinders, small vises, drill machines, 
etc. c), Electrical and air plug outlets available every SO-square feet, d). Con'- 
venient frames for placing large blueprints. 

V, Location — a), Jig structure to be located where elevated cranes may 
extract part vertically out of jig if necessary, b), Located near sub-assembly 
jigs and main tool bins so that greatest amount of time is saved in transfer 
of articles. 
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Fig. 7. Jig using stiucluroi steel numbeis. 


To further enlarge upon the reasons for the selection of tubing or casing 
and the method of jig fabrication in Item I, ‘‘“Rigidity of Structure the 
following shall be observed 

1. Tubular structure affords rigidity in all directions 

a) . The strength and ngidity of a steel tube is better m torque and com-- 
pression than any other section of equivalent area 

b) , Rigidity IS most essential in jigs and fixtures in order to minimize 
deflections. 

c) , Tubes are very suitable for both large and small jigs and fixtures 
because of the features shown m (a) 

2. Tubes or Casing are cheap and easy to procure 

a) . Used oil well casings obtained from Pennsylvania, Kansas, Illinois, 
Oklahoma, and Texas oil fields afford a ready market. 

b) . No government priority rating was necessary, as is the case in obtain- 
ing structural steel. , 

3. It was believed that to obtain the most effective rigidity at the joints that 
arc welding would give the best results 

a), Arc welding was thought to offer the quickest and cheapest type of 
joints 

The advantages of bolting and doweling structural steel over arc welding 
tubular structure were presented as follows: 

1, Ease of assembling, particularly to a shop used to the method. 

2, Maintenance of accuracy at aU stages of assembling. 

3, Ease of dismantling for relocation. 

a) Aircraft plants are continually changing the intenor plant layout 
to accommodate new models. 

b) In case of rework bolt and dowel holes can be redrilled or enlarged. 
Fabrication — ^There is an old Chinese proverb which states, “A picture is 

worth a thousand words.” To take advantage of this wise old adage is to 
refer to the accompanying pictures and bnef description for observation of 
design and method of fabncation. 

The foundation or base of the jig is composed of ten inch casing with 
about %g'inch wall thickness, to which adjustment pads are attached. Due 
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to constant vibration induced by rivet guns and impact of mens^ feet, large 
jigs have a tendency to get out of line. Severe variation of temperature can 
also cause distortion. On the west coast, Aircraft Plants close to the shore line 
encounter difficulty with ocean tides moving the floor underneath. To check 
misalignment, a bench mark on a column firmly imbedded in the ground 
is swung by spirit level and scribed on various uprights of the jig. Once or 
twice a month the elevation of the scribed line is checked with the bench 
mark. If any deviation occurs, the jig is lowered or raised as the case may be. 
Adjustment pads are therefore, very necessary. 

Construction — In photographs, (Figs. 1 and 2), it may be noted that the 
ends of the casing have been accurately torch-'cut by making use of a loft 
developed template. Punch pricks are marked around the edges, the templates 
removed and the torch applied, extremely jagged edges were roughffiled or 
chipped oiF. All members were therefore productively fabricated for easy 
assembling. Vertical members were raised into position by overhead monorail 
and hoist and checked by plumb^bob. Tack welds were first applied to 
assure proper alignment. Tubes depending on their si 2 ;e were given two or 
three beads, to assure penetration, since rigidity rather than tensile strength 
was required. Care, however, had to be exercised in not burning through 
pitted or rusty casings as their wall thicknesses varied from .134 to ,25. The 
weldable qualities of the casings were good since, on an average, the chemical 
analysis was as follows: 

C Mn P S Si 

.025 1,48 ,016 .018 .06 

Tensile strength about 90,000 pounds per square inch. 

Welding rods giving the best results were %ednch to % 2 "inch diameter 
with tensile strength also about 90,000 pounds per square inch. 

After the vertical members were secured, tic in braces and working 
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platform frames were added. (Refer to Figs. 3 and 4). The base of the jig 
and platforms were covered with wooden flooring to provide easy access 
for workmen. 

Approximately 90 per cent of the wing panel jig is composed of tubular 
structure VsTiere pads or fixtures had to be located, steel channels, providing 
three attaching faces, were welded to the tubes Steel machmed fixtures were 
bolted and dowled to these faces, (Refer to Figs 5 and 6) Accuracy of 
plus or minus Oldnch in five feet was assured by the use of transit and 
scales marked in hundredths of an inch. Wherever greater accuracy was 
desired micrometers were used. 

At each end of jig which was built to hold two panels, large arc welded 
castings with the approximate contour of the wing were secured as may be 
observed in photograph Fig. 6. Bolt holes spread about eight inches on 
center provided means for bolting the panel attach angle The attach angle 
IS of extruded aluminum alloy and is used to join the outer wing panel to 
the center panel 

Comparative Costs — The purpose of this article has been primarily to 
show that arc welded tubular construction is the best for aircraft jigs. To best 
prove the advantages is to compare construction costs of other jigs used on 
this same airplane Considerable investigation and experiments were con^ 
ducted and the following comparative sectional areas, weights and costs of 
material used is submitted (Refer to pictures Figs. 7, 8 and 9 for 
jigs using structural steel numbers). 


Tubular Material 


Actual 
Dia. of 
Tube Used 
Inches 

Wall 

Thickness 

Inches 

Sec 

Area 

Sq 

Inches 

Moment 
of Inertia 
All Axis 
Inches^ 

Wt. 

Ft 

Lbs. 

Cost 

per 

Ft 

Dollars 

C<->st 

per 

PD. 

Dollars 

Maximum 

Weldable 

Periphery 

Inches 

4.00 

.134 

1.65 

1 3.04 

56 

$0 25 

$0,045 

14 

500 

.152 

2 38 

6 81 

7.9 

0 42 

053 

17 

600 

.164 

2.91 

12.9 

10 2 

0 50 

049 

20 

800 

-186 

4 65 

35 2 

15 8 

100 

.064 


10 75 

230 

8 25 

113 8 

28 0 

1.50 

.048 

37 


Structural Steel Material 


Siae of 

Struc. 

Steel Used 
Inches 

Thickness 

Inches 

Sec 

Area 

Sq 

Inches 

Moment 
of Inertia 
on Best 
Axis 
Inches^ 

Wt 

r/ 

Lbs, 

■ 

Cost 

r*: 

Dollars 

Co«t 

DoEaxi 

•3Kx3K L 

25 

; 169 

20 

5.8 

$0.17 

$0,030 

*4 x4 L 

.312 

2 40 

37 

8.2 

0.25 

.033 

*4 x4 L 

.437 

3 31 

50 i 

1L3 

040 

.035 

6 x6 H 

312 

4 59 

3ai i 

15 5 

0.54 

.035 

10 x2S^ L 

.55 

880 

103.0 1 

300 

1 14 

.03S 


♦Please note- -to obtain the same comparative rigidity, two members bad to be uieA 
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Average Arc Welding Cost On Tubes 


Operation for One Joint 


Tune in Minutes 

4" Dia. 6^ Dia. 8" Bia. Dia. 


1. Layout casing with template and center punch 

radius 

2, Acetylene cut to length and contour as marked 

3 Fit — remove and trim, hammer o£F scale 

4. Tack spots and hammer of scale 

5. Weld 1 bead — hammer of scale and wire brush 
Weld 2nd bead — hammer of scale and wire brush 
Weld 3rd bead — hammer of scale and wire brush 

Total Actual Time 

Labor Cost Per Joint in Dollars 

(Torch Gutter or Welder) @ $1 10 per hr.) 


1.50 

1.85 

2 05 

2 25 

1.25 

2.50 

3.75 

5.00 

1.40 

2.50 

3.50 

4.00 

100 

1.90 

2 20 

2.40 

4 00 

7 90 

10 90 

12.90 



5 00 

6.40 




6 40 

9.15 

16.65 

27.40 

39.35 

17 

33 

50 

.72 


Average Bolt and Dowel Cost On Structural Steel 


Operation for One Joint s«es SUxJi/zL 

Minutes 
6x6 L 

M 

O 

1. Layout and center punch angle of cut-of.... 

2. Acetylene to length as marked 

( 1.00 
( 2.50 

1.25) 
4.00) 
1.25) 
20 00) 
8.00 

1.00 

2.00 

5.00 

1 50 
19.00 

16 00 

2 00 

2.05 

6.10 

1 58 

30 00 

21.00 

2 00 

3. Chip off rough edges power trim, 2 pieces 

4. Clamp, drill, and ream lYg dia. dnw^l.q 

( .75 

(15.00 
5.00 

100 

5 DriU for 134 dia. holt... 

6. Drill for 2jy4 dia. bolt. 

7. Insert bolt power tighten nut 

Total Actual Time , 

Labor Cost Per Joint in Dollars 
(Structural Man @ $1.20 per hr.) 

Labor Cost Per Weld Joint m Dollars 

25.25 

.51 

.17 

35.50 

.73 

.33 

45.50 

.91 

.50 

62.1^ 

1.26 

.72 

Savings per joint 

% Saving of joint in dollars 

.34 

66% 

40 

55% 

.41 

45% 

.54 

43% 


Note: 

1. 4dnch diameter tube requires 2 tacks, dunch diameter, 8dnch diameter, lOdnch 
diameter requires 4 tacks. 

2. For thickness and sectional areas of members refer to table “Structural Steel 
Materials." 

3. Weldmg rod cost versus bolts and nuts were considered about equal and there' 
fore are not included m the estimate. 

4. Overhead for both types of jigs considered the same. 

The two types of jig constraction discussed could have been further 
simplified in design had more time been allocated. That is if more stress 
analysis had been applied members could have been lightened and in some 
cases omitted. In the original design weight of structure was not considered. 
Rigidity in members and joints was the object. Although no accurate figures 
are ava^ble, indications are for the same rigidity — ^approximately 4]/z pounds 
of structural is necessary for each pound of airplane, against approxi' 
matcly 3 pounds of tubular steel for each pound of airplane. From the fore-- 
|oing, to illustrate how the weight and cost of a jig frame would compare 
for die wing center panel weighing 3500 pounds, the following interesting 
figures are submitted. 


Arc Welded Tubular Jig Bolted and Dowled Structural Steel Jig 
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rig. 9. A third Jig using stmcturol steel numbers. 


Estimate of Atmual Gross Savings — ^Although it would be very difficult 
to obtain accurate figures on annual savings from arc welded tubular jigs 
over other types of aircraft jigs, an appropriate rough estimate for the Curtiss 
Aircraft Co., can be submitted. From the foregoing figures^ it may be ob^ 
served that on a contemplated transport center panel jig weighing approxi^ 
mately 10,000 pounds that 501 dollars were saved over a bolted and dowel 
structural steel jig of equivalent si 2 ;e, but additional weight. 

On this basis five cents is saved on each pound of arc welded jig work. -A 
has been mentioned before, approximately three pounds of tubular steel jig 
is required for each pound of airplane and since an average large transport 
will net about 28,000 pounds, one can assume about 84,000 pounds of stcd 
for one set of main assembly jigs only. An additional amount as above will 
be necessary for jig structures on subassembly jigs and handling equipment 
or a total of 168,000 pounds for complete set of jigs for one ship. 

To obtain a production schedule of four transports per day (an expected 
figure for 1943 in all aircraft plants making transports) eight complete sets 
of jigs will be at least required or a grand total of 1,344,000 pounds. (The 
number of jigs required is estimated through long years of experience, md 
is beyond the scope of this article to explain). At a saving based on five 
cents per pound, this amounts to an annual net saving of approximately 
$67,200. An annual saving is mentioned since average maximum contacts 
are presently being issued for 1000 to 1200 planes and that at four ships 
per day, the contract would be completed within the ypr. Thus the average 
life of the jigs would also be completed within this period before dismantling 
would become necessary for other models and contracts. 

If one considers that there are at present about thirty major aircraft 
plants in the United States composed from ten major aircraft comp^ic^ 
the gnn mT gross savings possible from using arc welded tubular jigs, iri an 
tods of military and commercial aircraft would run well into several hundred 
thousand doUaxs and perhaps into a million. 

Advantages — ^It is thoroughly realised that jig men may state 
that structural stedi in the way of dbannels, I beams and angles could be 
arc welded in a similar manner as is done on tubular structure. In some 
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cases tlie arc welding of structural steel jigs may be cheaper. It is also 
realized that tubular structure need not be welded but can be jointed with 
fittings although it seems a very expensive way, as illustrated in the two 
tables. However, the fact that arc welded tubular jigs are safest 
is not often realized Structural steel jigs offer sharp edges and corners for 
workers to injure their heads and shins If they are bolted, sharp or ragged 
edges on the bolt threads tear clothes and may cause severe cuts on limbs 
and hands of workmen. 

Cast fittings and bolted joints offer the same safety disadvantages to work' 
men on tubular structure The smooth streamline effect of tubular structure 
with smooth, neat, arc welded joints presents very few hazards to the work- 
men. In addition, due to the contoured surface of the tubes, no tool rests 
are afforded to the workmen as is the case of structural steel m allowing 
placement of wrenches, rivet hammers, and bolts, etc., which are constantly 
falling off and injunng people below. Tubular arc welded joints discourage 
any accumulation of waste, shavings, dirt and grease and are thus easier to 
keep clean over structural steel jigs 

On a recent rough investigation conducted by the author, in the Buffalo 
Curtiss plants, the following data is submitted It should be noted the in- 
vestigation was conducted over a three months period with about the same 
number of men on each case during the same daylight hours 

On an average, for every 10,000 man hours applied on structural steel 
jigs, including fabrication, there was a loss of approximately 200 man hours 
attnbuted to head, hand and other injunes incurred on the jig For every 
10,000 man hours applied on arc welded tubular jigs including fabncation 
there was a loss of approximately 60 man hours attributed to head, hand and 
other injuries incurred on the jig A saving of 140 man hours in every ten 
thousand is considerable saving m the course of a year to any company. 

Computing on the basis of 1,000,000 man hours per year at a dollar 
an hour average per man, the saving is $14,000. 

Conclusions — In concluding, a summarization of points proved is sub- 
mitted. 

1. Through careful and expeditious design in production engineering the 
jigs and fixtures necessary to make the part or parts can be simplified. 

2. Through close coordination and cooperation between engineering, 
planning, and tool design the proper decisions can be made on the design, 
material and kind of joints to be incorporated in the jigs and fixtures. 

3. That the most favorable selection of framework matenal in jigs for 
rigidity and ready market is tubular steel 

4. That to assure ngidity at the joints and cheapness of fabrication, arc 
welding is by far the best over the other types of joints. 

5. That if more careful stress analysis is made on jig designs that lighter 
members could be used and thereby save money on less dollars per pound 
on material and handling costs. 

6 That arc welding of joints could be further less expensive if the weld 
were applied only enough to account for the amount and direction of load. 

7. That the annual gross savings in the aircraft industry alone by using 
arc welded jig construction and the sqcial advantages gained therefrom would 
amount to over a million dollars 

8. Tliat arc welded tubular jig construction is making for cheaper and 
better production today and that it will continue to make even cheaper and 
better production tomorrow. 



Chapter XVII — ^Tilting Table for Armor Plate Production 

By Mark Aronson, B. S. and Edward A. Foehl, B. S., 

Research Engineer and Kiaval Architect, respectively, of United States Kiavy Tard, 

Philadelphia, Pa, 



Mark Aronson 


Subject Matter: The design and construc- 
tion of a tilting table for efficient heavy 
plate production. The extensive machin* 
ing peculiar to this work necessitated a 
tilting table on which to fasten the plate 
for planing. The tables could not be pur- 
chased and had to be built with exacting 
requirements as to precision, deflection 
under load, etc. The table eliminates the 
former practice of resetting the massive 
plate for each new cut. The top surface 
is 41- by 15-feet. The table consists of 
332 pieces of steel plate welded into a 
unit weighing 82,534 pounds. The plate 
is 1- to 4-inches thick. Only arc welding 
was considered for the work, because of 
the known advantage in cost» speed, etc. 
The table was stress relieved after welding. 



Edward A. Foehl 


This paper embraces a subject of highly confidential character — the 
production of finished armor plate for the protection of naval vessels. 

The authors, designers of tilting table, not only as present members 
of the navy department, but also as patriotic citizens, are deeply appreciative 
of their responsibility not to betray any confidences which might aid the 
enemy. 

Several weeks before the unfortunate Pearl Harbor catastrophe, the 
authors, with oiEcial approval, started the preparation of this paper. The 
less stringent restrictions concerning the disclosure of naval information at 
that time would have necessitated only the elimination from this paper of 
fundamental details of the armor plate itself, such as composition, physical 
properties, maximum si 2 ;e, particularly the thickness of the largest plates, 
intimate details of machining and fabrication, as well as method of assembly 
and attachment on ship to assure greatest resistance to impact forces. The 
disclosure of the welding details of the tilting tabic itself would not be 
materially restricted. 

Since the advent of war however, further restrictions have been placed 
by the navy department, so that further deletion of material became neces^ 
sary. Although the authors could still furnish welding information, the story 
in connection with the tilting table might be less interesting due to the 
necessary omission of ingenious operating features, as well as figures of actual 
costs and savings effected by the 100 per cent arc welded type of construction. 

Other interesting information originally planned to include but neces- 
sarily deleted concern the elevating and locldng mechanism at any desired 
angular position of the table, and me devices for resisting the longitudinal, 
transverse, and vertical thrust resulting from the heavy cuts of the planer 
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tools; all of which, are components that go to make up the entire tilting table 

assembly. , . . i -t 

It is not difficult to understand why the above intimate details 
be released at this time. An enemy power would have most to gain should 
complete design details be disclosed. 

Sufficient calculations, mathematical treatment, and stress diagrams en^ 
tering into the theory and design of the table are included to familiarue one 
with the technical approach to the design problem; chiefly to the extremely 
important deflection factor that entered into the design due to the close 
tolerances of the machining operations which had to be met. 

Acknowledgment— With grateful appreciation, the authors ackiwwledge 
the cooperation and permission received from Rear Admiral A. J. Chantry, 
industrial manager, and Captain T. L. Schumacher, design superintendent 
of the Philadelphia Navy Yard without which this paper and its entrance 
in the James F. Lincoln Foundation Award Program would not be possible. 

The authors also wish to acknowledge the many courtesies extended by 
Captain W. C. Wade, shop superintendent, including the use of negatives 
of the reproduction of the official photographs herein contained. 

The authors wish to thank Mr. R. B. Luchars, President of the Industria 
Press, publishers of Machinery, for permission to use illustrative matenal 
taken from the special issue of November 1941, which was devoted to the 
navy's war eflFort, and which featured the subject matter of this paper. 

Our country's geographical position makes the^ navys battle fleet, 
augmented by its air arm, our first line of defense and instrument of offense. 
Our navy's task is to command the sea; and the best way it can do so is 
to be superior to the enemy in every tactical foxm. Whether the sea 
encompasses one ocean or more, the fundamental mission remains unchanged. 

The main fighting strength of our combatant surface fleet contains 
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‘"strength” ships which combine force to overcome the enemy with protect 
tion to secure time to exert that force, and “speed” ships whose attack is 
comparatively light in force, but either so quickly delivered or from so 
favorable a point that the enemy lacks time to develop his resistance and 
so to absorb the attack. 

Ships must be able to take, as well as deliver, if they expect to survive 
long in the line of battle The combination of strength and endurance in 
attack is reached to the greatest extent m battleships They represent the 
most powerful embodiment of combatant strength. Our floating fortresses 
must be so armed and protected as to be able to meet opposing battle fleets 
on more than equal terms Not only must they carry the largest of guns, 
but they must possess the highest degree of protection. 

A battleship is defended by protection in two ways — ^namely, by armor 
against projectiles and other explosive attacks, and by compartmentation 
against invasion by water. The weight of armor plate in a battleship is 
proportionately higher in percentage of displacement than in any other type 
of naval vessel. 

Most recent experience dictates that the modern battleship must be able 
to resist not only the oldest form of attack, artillery fire, chiefly aimed at 
the upper structure and crew, but also explosive shells including deck bombs 
and torpedoes dropped by fliers, as well as torpedoes released by submarines 
agamst the underwater body of the ship. 

To satisfy the necessary protection to a battleship, the minimum require^ 
ments of armor, aside from the local protection of turrets, barbettes, conning 
tower, and base of smoke pipes afforded by their own armor, is a belt extend" 
ing high enough above the normal load water"line to protect the buoyancy 
and vital military features of the ship, and extending low enough to guard 
against underwater hits due to naval action or rolling of the ship. Coupled 
with this there must be at least one protective deck located above the deepest 
possible load line, all to be of the greatest practical thickness of armor plate 

Since its introduction, armor has improved materially by the improvement 
of the hardness of its exterior face and also by the toughness of its back, 
which latter quality resists cracking and disintegration. During the same time, 
projectiles have also been improving. This contest between the efficiency 
of armor and projectiles appears to be nomending. 

The problem of armor plate protection has always been given most serious 
thought and study by the world's naval powers Each is confronted with 
this problem when it contemplates the design of more formidable warships 
In time of war, this vital problem becomes acute. The catastrophic destruc- 
tion of warships during the past several months of war, particularly the 
Pearl Harbor attack, has shocked the avilized world, and intensified thought 
on greater protection. 

The steel manufacturer must also give intensive study to the source ot 
supply of larger armor plates; to revamp his manufacturing set-up to be able 
to meet the increased demands. Through his research activities he no longer 
has difficifity in satisfying the metallurgical and heat treating specifications, 
but to satisfy the demand for increased site, larger investment m steel mills 
and machinery is essential. 

Huough the oxiperation of the steel producers and steel mill machinery 
manufacturers, and augmented by government financial assistance where 
necessary, the serious production problems involved in furnishing the in- 
creased site rough armor plates were solved by the steel mills. 

The fabiicatimi and machining of these massive rough plates remained 
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Tig. 2. Planer for armor ploie. 

the bottleneck awaiting solution in the program. Existing equipment, formerly 
used in the machining operations, became obsolete when production speed 
became the vital issue. The navy department was obliged to purchase larger 
armor plate planers for the planing, cutting and machining operations. 

This equipment, installed within the past year at the Philadelphia Navy 
Yard, included two plate planers without the indispensable work tables for 
supporting the armor plate. The conventional planer table was inefficient 
for this purpose and was no longer feasible for effecting the production speed 
demanded in machining the largest armor plates that the planers were 
capable of. For that reason the standardisjed work tables incorporated in 
plate planers were omitted in this planer purchase. 

The majority of all machine work performed on armor plate can be 
satisfied by plate planers. The most important feature in planing is the 
setting-up of the work; planer tools differing little in their general design 
from those used for the cutting purposes in other machine tools. The in- 
creased speed of planing, which has reduced the actual cutting time to a 
remarkable degree in many cases, makes it all the more necessary to reduce 
the handling time as much as possible. The massive size and weiglxt of armor 
plates intensify their setting-up problem; this work heretofore consumed 
precious time and presented a bottleneck condition in the fabrication of the 
finished armor plates for installation on the ships. 

After serious thought and study it was decided that the extensive machiiv 
ing operations peculiar to armor plate necessitated a tilting table. This most 
essential fixture for each planer could not be commercially obtained. The 
platc-planer manufacturers, as well as other large machinery manufacturers 
sohdted had no precedents or experience to follow in the design and con- 
struction of such a desired fixture to satisfy the exacting demands of the 
navy department. It finally resolved itself into a design and construction 
problem that had to be undertaken by the navy department itself. 
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The tilting table for each of the planers must not only possess work 
positioning flexibility and support the largest armor plates without distortion, 
but must also assume all the severe thrust conditions imposed upon it by 
the machining operations of the planer itself. In view of the fact that the 
planers are of the pit type, capable of machmmg the heavy deep work 
requiring a pit, the tilting table must also be a readily detachable fixture. 

Before one can appreciate the intncate design problems in connection 
with the tilting table, brief information and knowledge of the characteristics 
of the planers might be helpful. 

The two armor plate planers located at the Philadelphia Navy Yard, and 
one purchased for the New York Navy Yard, are believed to be the world’s 
largest, they are all similar in si 2 ;e and construction. They were built by two 
of the country’s leading machine tool builders to specifications furnished 
by the navy department; and each at a cost of approximately $300,000. 

In order to appreciate their si 2 ;e, the following dimensions of each are 
given: Length dTTeet, width 34Teet, and height 22Teet, ddnches approxi" 
mately. 

The planers are of heavy-duty type, motor driven for both longitudinal 
and cross planing; motors of 150 horsepower and 50 horsepower respectively, 
being employed. The cross-rail is 30-feet long, and the beds on which the 
cross-rail carnages ride are 60-feet long Lead-screws 7V2''i3iches in diameter 
operate the carriages on which the cross-rail is mounted. 

Throughout the design of the tilting table for use with each planer, con- 
sideration had to be given to the essential characteristics of these planers, 
portions of which are shown in the photographs, Figs. 1 and 2 

These immense machine tools are designed to have capacity for accurate 
and rapid planing of the top, both sides, and both ends of rectangular or 
parallelogram-shaped armor plates On one side of the cross rail of the 
planer, two heads for longitudinal planing, and on the opposite side, one 
head for cross edge or surface planing, are provided. Each head is also 
designed to travel in reverse direction The machines are designed to perform 
all planing operations in original settings. 

The following important requirement of accuracy is taken from the 
specifications of the planers* 

"‘The machine shall produce finished work to the following limits of 
accuracy. The maximum error of parallelism of two sides in a hori 2 :ontal 
plane or a variation from a straight line in a horisjontal plane must not exceed 
0,005 "inch in 40-feet; maximum error from a true square 2-feet high by 15- 
feet wide must not exceed 0.001 of an inch.”' 

These additional lines also taken from the same specifications are sig- 
nificant: 

“The machine shall have a variable longitudinal and cross planing speed 
range of 15-feet up to 90-feet per minute, and a feed rate of of an inch 
up to % of an inch AH heads shall be capable of taking roughing cuts 
or an inch feed, 1 inch deep, without excessive vibration or chatter 

Since the tilting table fixture required for each of the armor plate planers 
must function with its respective planer as an integrated machine tool unit, 
and satisfy the above exacting demands, the design problem that presented 
itself can best be appreciated by noting the features required to be incor- 
porated m the tilting table which ordmanly do not readily lend themselves 
to precision machine work. 

One of the most serious adverse conditions which had to be taken into 
conmdcration in the design of the tilting table for the precision work expected 



938 


STUDIES IN ARC WELDING 


of It, was the fact that the foundation for the table had to be independent 
of the foundation for the planer itself; therefore, a slight movement or 
set of the foundation of either could throw the tilting table 
with the planer; inferior workmanship in the construction of the foundation 
wo^d also affect ahgnment. Inasmuch as the ahgnment at any angular 
position of the fixture bears a relationship to the degree of accuracy of ^ 
work produced by the planers, the need for perfect alignment cannot be 
overeinphasized. The table was designed with the objective of maximum 
rigidity and the maintenance of accurate alignment in any angular position 

The tilting table is of parallel girder design with a top working surface 
measuring 41'feet in length by IfTeet in width; which area can satiriy 
the surface over which the planer tools can travel. The overall dimensions 
of the complete assembly, which includes the table, are 51 'feet in length by 
15-feet in width. A portable section is contained in the table, which when 
removed, reduces the table width to lOTeet. The table is symmetncal about 
Its transverse center-lme, or trunnion. The spacing of the plates that com- 
prise the top working surface has been arranged to conveniently accommo- 
date all widths of armor. 

The heavy and deep girder construction which supports the top working 
surface is cross 'braced with beams, leaving no chance for sprmging or dis- 
tortion. This type of design furnishes great strength to resist any strain 
which should be applied by the fastening of the heaviest of armor plates 
The authors are pleased to mention that this construction, with the rigidly 
designed thrust^resisting devices that make up the complete assembly, have 
already withstood without any distortion the heaviest cuts of which the 

planer drive is capable. x . t 

The table pivots about a heavy center support (trunnion) with a maximum 
tilt angle to satisfy the machine work required on the thickest armor plates. 
The trunnion bearing block is bolted to a deep T'slotted transverse beam 
This trunnion is readily detachable This portability allows the fixture to 
be removed from its pivot point During the tilting movement of the tabic, 
when it is being swung to the angular position desired, its ends are restrained 
from sidewise movement by a novel rail device. Since every unnecessary 
movement of the table or operator means just so much lost in output, the 
entire positioning operation has been made positive and rapid, thereby coiv 
tnbuting to the reduction of handlmg to a minimum. 

At each end of the table are four chip disposal troughs which prevent 
chips from piling up and wedging within the elevating apparatus. V/ith 
these troughs, all chips drop down to the base of the table. 

The general construction of the entire unit lends itself to heavy cuts 
and large output. It was designed with features to insure long life and 
maintained accuracy. Both tables at the Philadelphia Navy Yard nave been 
performing beyond all expectations, working 24 hours a day, seven days 


a week, since their installation. 

The compactness of design, with all of the operating, thrust resisting, 
elevating, and controlling apparatus at the ends of the table which make 
up the entire fixture assembly, also allows a maximum working area in the 
immediate vicinity of the table, and permits ready access to the many sur' 
faces that are diflScuIt to reach. Every practical feature for convenience 
and safe operation has been embodied m the design. The wisdom of such 
painstaking care in the design has been more than demonstrated dnee the 
tables have been placed in service. 

Although these fixtures were built primarily for the most exacting 
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Fig. 3. Generol onrongemdnt of tilting ictible, top cmd front viows. 


machine work on armor plate, and greately increase the output of the 
planers by eliminating the former objectionable and very costly practice of 
accurately resetting the massive plate for each new cut, they are far from 
single purpose however. They can be used for a number of other types 
of work, particularly where long straight work or tapers have to be machined 
They permit the planing of long work, near the center, on the ends, in 
fact in any location, with the added advantage that the work piece can 
be rigidly supported throughout the entire length of the table. 

Each table was designed with a portable section; also, the pit was hi' 
corporated in the foundation so that large work of awkward proportions 
or overhang may be mounted for machining, with the portable section 
removed. 

In Figs. 3 and 4 are shown a general arrangement plan and sections. The 
graceful and pleasing appearance as a result of employing weldmg is most 
conspicuous. 

The decision not to make use of riveting or castings, but to employ arc 
welding exclusively in the design and construction of this very large fixture, 
was not amved at by making profound studies of each of the above methods, 
or their combinations. The circumstances did not warrant such a precious 
time-consuming procedure, and for that reason comparative figures are not 
available* 

The authors, each of whom has had considerable design experience with 
structures incorporating casting, rivetmg and welding methods of fabrica- 
tion, necessarily capitalized on this experience in their selection of 100 per 
cent are wdding for the method of constructing the tilting table. In carefully 
weighing merits of the different methods of fabrication available, and 
considering expe^ency which played a vital role, there appeared no alterna- 
tive for this particular product. , , , , , , 

The estimated large saving in cost effected by the arc welded construe- 
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Fig. 4. Transverse sections of tilting table. 


tion, and the greater speed with which the tables could be built by this 
method of construction, particularly by making use of stock sizes of plates, 
eliminated other methods when one must also consider the strategically 
impelling force to take advantage of speed — ^the massive armor plates which 
were piling up awaiting the successful design and construction of tilting 
tables essential for their machming operations 

Here was no case where one could experiment or compromise! A winner 
had to be picked at the outset, and welding received the honor. The con*' 
sequences of failure and attendant delay in battleship completion eliminated 
any justification for the use of experimental methods. 

The judgment, based upon the experience of the authors, particularly 
since the latest shielded arc type of electrode was to be used, was approved. 

This faith in the dependability and economy of arc welding this novel 
instrument of production, which plays an indispensable part m accelerating 
the armament program, has been more than justified by the excellent per 
formance of the table. With unrelenting pressure by the navy department 
for speed up in warship construction, the authors were never unmindful 
of their responsibility during the trymg penod of design and construction. 

The non-commercial aspect that enters into the design, construction and 
use of the tilting table makes it difficult to measure, in terms of dollars, its 
value or earning power. The strategic need for this modem development 
also placed the question of cost in a lesser role than would be tibe case 
if these tables were manufactured for pnvate industry. The variable factors 
which enter into cost accounting in different pnvate plants and government 
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agencies might make cost figures misleading or non-comparable even if 
released by the navy department. 

The following significant statement ^approved by the navy department, 
and reproduced from the description of the fixture in the November 1941 
issue of ‘‘'Machinery,” refers to the time saving that results from the use 
of the tilting table, with the resultant proportionate saving in labor cost, 
the high economic value of the table is evident without figures 

All cuts are taken with one set-up of the work, which effects a tre- 
mendous saving in time over the previous method, m which the work had 
to be shifted each time that a surface was to be machined to a different angle. 

The “tremendous” saving referred to in the above tnbute is of small 
importance compared to the earlier completion date of battleships as a result 
of this most ejficient method of armor plate production. The production 
records actually made have exceeded the most optimistic expectations Only 
those who are familiar with the difficulties previously encountered in the 
production of finished armor plate can appreciate the obstacles that had to 
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be overcome in therr solution, and in the creation of this unique fixture, 
with its capacity for the largest plates required for the latest ships. 

It IS a responsibility of the tilting table to insure smooth, accurate and 
chatter^free cutting, planing and machining durmg its long hfe as a com" 
ponent of the planer. It must possess the reserve strength to successtully 
withstand abuse brought about by any shock loads m the careless handling 
of gigantic plates, as well as resist distortion through undue strains en^ 
countered in fastening the plate to its top surface. 

The fundamental principle of design employed m creating the table was 
to satisfy hi structural requirements m conjunction with those peculiar 
to the usage of a precision machine tool, specifically a plate planer, ihis 
necessitated for the complete fixture assembly, the coordination or several 
branches of science and engineering, including stress analysis, strength ot 
materials, structural, mechanical, welding, machine-'tool, and if the urgent 
demands of the defense program for the use of the tables would have per^ 
mitted, complete instrumentation features would have been incorporated, 
provision having been made. 

An important factor that engaged attention throughout the design was 
the necessity for adequate clearances; also of non-interferences wim the 
planer or with the tool itself, durmg usage. This placed limitations on height 
of table and associated operating features which, in the latter case par- 
ticularly, presented some intriguing problems which had to be overcome. ^ 

In the design of the table, various conditions of loading and plate cutting 
were investigated; and the effect of each was studied. Investigation and 
analysis were also made of the table during the setting-up period, when 
for a short period of time the table may assume a cantilever-type stme^re 
with one end unlocked and unsupported. This condition is due to the f^t 
that both ends are manually locked when the desired angular position of the 
tabic is reached, and it is not necessary for the locking at both ends to be 

simultaneous. , . . 1.1 - w r 

The fibre stress set-up during the above bnef penod is shown in mg. 5. 
The reversal of stress, resulting when the table was completely locked 
and in service assuming a three-point-suspension-type structure was given 
the most consideration. An analysis of this service condition follows: 

Summary of Notes on Design 


Physical Characteristics 

Number of longitudinal girders. 5 

Maximum spacing, center to center. 3' 10'' 

Length of girders - 0 

Width of table - 15^ O' 

Est. Wt, of table carried by supports. 82,000 lbs. 

Gross area of tabic top Sq. Ft. 

Gross area of one girder (5.83' X 48') 159 Sq. Ft. 

LoadObg 

Dead load for table, per Kn. ft. girder..., 500 lbs. 

Plate to be machined, per lin. ft. girder. 2,000 lbs. 

Force due to cutting tool - — 22,500 lbs. 


The table was designed as a continuous beam with three supports, the 
ends being simply supported. In actual usage, the unique locking means 
create fixed end supports; this treatment therefore is in the interest of safety 
in design. 
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Fig. 6. CotfjSclenfs lor moments In foot pounds fully looded# suppofted at 3 points. 

The moments and reactions were determined by the Theorem of Three 
Moments; although any other method such as the Slope Deflection, Moment 
Distribution, or Method of Elastic Weights, could have been used. 

Two cases are shown here, all the supports being on the same level: 

Case No. 1 — ^The table is fully loaded. 

Case No. 2 — One side of the table is loaded. 

Tables 1 and 2 on Figs. 6 and 7 respectively, give coefficients for the 
moments in terms of P foot pounds. By this method equations are derived, 
and substitutions are made for the actual loads at the end of the problem. 

The maximum moment was found in Case No. 2, therefore the inform 
mation shown by Table 2, Fig. 7, is used for computing the deflection as 
shown on Fig. 8. 

Since the girders are not of uniform cross*'section, the moments of inertia 
were computed at various points, namely, 1, 2, 3, etc., Ac location and dis-^ 
tance from the left supjpKirt arc Aown above the beam in each case. 
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Fig. 9 contains the computations for Section 7, which includes an access 
hole; while Section 6 is typical for other sections. 

Fig. 8 records the essential computations used in calculating the deflec' 
tions. 

The conjugate beam method was used One of the several other methods 
could have been selected but due to the similarity of the conjugate beam 
theory to that used for shear and moments in ordinary beams, the method 
used seemed preferable All deflection calculations for beams varying mo- 
ments of inertia are tedious, however the conjugate beam affords several 
points of check for accuracy of the computations 

To apply the conjugate beam theory, a knowledge of geometrical relations 
between the elastic curve and the beam are necessary. 

To explain the method used, the problem as set forth on Fig. 8 will 
be considered. 

The loading on the conjugate beam is derived from the bending moments, 
recorded by Table 2, Fig. 7, divided by the moment of inertia for each point 
In the table, the moments were expressed in foot pounds as coefficients of P 
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On the conjugate beam the ordinates have been reduced to inch pounds 
divided by inertia, as coefficients of P. As will be noted, the curve formed 
by plotting these ordinates is irregular, and due to the negative moments a 
part of the curve falls below the beam axis. 

The nature of the supports under the conjugate beam differ from those 
assumed for the onginal beam Also, note only one half of the table, left 
span, IS being used. The left side of the given or ongmal beam, when con^ 
sidered independently, has a simple support at the left end and a fixed end 
beam connection with bending moment at the right end. The tangent to 
the elastic curve at the right end would ordinarily have a slope of 2 ;ero, if 
It were a true fixed ended beam The deflections of the spans on each side 
of the center support vary, consequently the slope is not zero"; had this been 
true the right reaction for the conjugate beam would have been zero, in lieu 
of 21.65P. However, the deflection must be zero as we assumed the reactions 
all on the same level 

Solving the conjugate beam with its M/1 loading as we would an ordmary 
simple beam, the reactions are determined as shown by Table 5, Fig. 8. Know-' 
ing the reactions, the shear diagram could be constructed, however, aside 
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from the ordinates being a measure of the slope of the elastic curve, no 
special knowledge is gained by so doing. Also, it is difficult, with the type 
of loading, to accurately plot the shear dicigram as each increment between 
the various points would be a parabola. (The loads are uniformly varying, 
represented by the hon: 5 ontal axis and a sloping line. By integratmn the 
area between any two ordinates, the horizontal axis and the straight line, 
a parabola or equation of the second degree is formed ) Therefore, the slope 
or shear diagram has been omitted as being more theoretical than practical 
The ordinates for the elastic curve were determmed by taking moments 
at the various points along the conjugate beam. Table 5, Hg. 8, furnished 
information by which these ordinates may be determined as was done for 
pomt C on the' beam, shown on Fig 8. 

The maximum deflection is of serious importance in the design of the 
tilting table. The point of z;ero shear, or the point along the conjugate beam 
where the area between A and some point C are equal to the reaction, is 
the point of maximum deflection. This is evident from our knowledge of the 
relationship between shear and moment curves for ordinary beams; only 
in this instance we are dealing with slopes and deflections. 

The area between A and C on the M/I diagram is equal to 48.5 3P, while 
the reaction at Ra equals 47 24P, therefore the point of maximum deflection 
is shghtly to the left of point C The deflection at point C has been accepted 
as satisfactory for the maximum value; and is stated 2776"!P divided by E. 
By substituting 30,000,000 for the value of E, the 
Maximum Deflection = .0000925^inch P. 

In the conventional design of a steel structure, deflections not in excess 
of Heo of the span (length in inches) would be assumed satisfactory. In 
the design of this fixture however, it was necessary to limit the deflection 
to the minimum amount that would allow the precision tolerances of the 
planer to be met. Here was a case where design from the machinc-'tool 
angle had to coordinate with structural; and as a result of meeting the low 
deflection requirements which controlled the sizes of the component members 
of the tilting table, relatively low fibre stress resulted, as follows* 


The Span = 250 feet. 


250 

360 


.6944 inch deflection. 


Assuming P = 2500 pounds 
Deflection == .2313 inch for the table. 

M 

For the maximum fibre stress, f = g 


Moment, M = 195.91 foot P 
S.M. = 340 

f 195.91 X :^^00 X 12 
^ 340 


1,729 pounds per square inch. 


The above value of 1,729 pounds per square inch does not take into con" 
sideration any forces that may be set up by the cutting tool, operating either 
longitudinally or transversely. 

It will also be noted that on the beam on Fig. 7, a loading of 5P was 
used on the left span and P on the right span. The difference i$ assumed 
to be the weight of plate to be machined. 

Fig. 10 shows the cutting forces also the resultant reactions. The plate 
to be machined is securely fastened to the table top, so tibat the cutting 
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Fig. 9. Typical calculation ior Inertia. 


forces are transmitted from the plate to the table top This top is made 
up of a senes of longitudinal and transverse heavy plates, designed to act 
as struts and beams. The forces in the table top are carried to the transverse 
thrust and vertical supports, also capable of handling the longitudinal thrust 
Since these supports are definitely locked before any machming operations 
are performed, the table is rigid; and with the plate properly secured, accuracy 
in the machining is assured. 

Fig. 1 1 shows the calculations for a section of the table acting as a strut 
also subjected to bending. The entire table top resists the bending forces, 
however only a small portion has been considered to take the entire load; 
this 18 on the side of safety. 

The portion considered as a strut has a cross'‘section of Iddnches wide 
by dOdnehes long. This section is also stiffened by 

the girder web. Tnc calculations show that this section is capable of carrying 
406,080 pounds while the assumed force due to the cutting tool is 22,500 
pounds. 

The portion subjected to bending is part of a continuous beam, supported 
every 5^fect. For analyds. a beam having fixed ends, with a span of 60' 
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Indies and a concentrated load at the middle is assumed, with an allowable 
fibre stress of 15,000 pounds per square inch. Under these conditions the 
allowable load as shown on Fig. 10 would be 33,333 pounds while the assumed 
force due to the cutting tool is 22,500 pounds. This does not take into 
consideration the reduction in stress as a result of other top members resisting 
the force. 

If the 22,500 pounds are taken as the load for the struts, the compressive 
stress pounds per square inch would be 22,500/40 = 562 pounds per square 
inch. This added to the 1,729 pounds per square inch for the stress in 
the girder due to the dead load of the table and the plate to be machined, 
would equal 2,291 pounds per square inch 

In the case when two cutting tools are simultaneously operating in the 
longitudinal direction, there is also ample safety factor in the table to accom" 
modate the force 

If the 22,500 pounds are taken as the load on the beam for bending, the 
fibre stress would be 10,130 pounds per square inch This fibre stress when 
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added to the 1,729 pounds per square inch fibre stress found for the dead 
load of the uble and the weight of the plate is equal to 11,859 pounds per 

square inch. ^ i j -l 

The above figures indicate a wide margin of safety, but due to the im- 
portant role minimum deflection plays in atmining P^fision ma<^c wort 
it was not advisable to reduce the amount of steel m Ae table, furthermore, 
in a fixture such as this, holes may be drilled in the table top to accommodate 
a special piece of work, which could senously weaken the table if there 
were no liberal margin of safety 

The stresses in the table are transmitted to resistmg supports and abut- 
ments by means of sliding and link motion stmctural members of amp e 
strength-; these are necessarily deleted from the drawmg. When the table 
is locked at the desned angular position, for any combination of longitu<toal, 
transverse, and vertical thrust that might result from 
and pressures as the planer tools cut their way through the hardened and 
tough armor plate, the ends of the teble are restrained in every direction. 

This lo ckin g method insures rigidity which prevents vibration and 
chatter, and results m a fine quahty of machine work; contnbutmg also 
to this performance arc the continuous welds used throughout the constoc- 
tion of the table, so that the large number of sepa^te plates which form 
the taWe act as an mtegrated unit. All welds have been designed sufficient 
in size to transmit the stresses between the members joined ^ 

One important feature m the use of the table is that there is no nee 
to center a plate on the top surface. Close tolerances m the machine work 
are obtainable regardless of the location where the plate is fastened. _ Also, 
with ample total lifting capacity by means of air-operated jacks, a ^gantic 
armor plate fastened to one end of the table can be raised without difficulty. 

The tilting table is a 100 per cent arc welded job; it consists or 332 
pieces of medium steel plate welded together into a rigid, homogeneous 
unit weighing 82,534 pounds, with the largest single piece weighing 7,167 
pounds. The thicknesses of the plates that enter into its construcUon vary 
from T to 4-'mches The total amount of weld metal used in its fabrication 

and included in the above weight IS 2,113 pounds. 

After all welding was completed the table was stress relieved* This was 
performed not only to eliminate the stresses set up in welding, but also 
to relieve any strains set up at the steel mill during the rolling of the plates. 
This procedure assured a table whose all steel members would be free oi 
internal strains. In effecting this process a convention furnace, 53^ 
feet long, 48'feet wide and 30-feet high, was employed. Sixtem thermo- 
couples were attached to representative thick and thin sections of the table, 
and high and low spots in the furnace. These thermocouples were connected 
to 2 mdicating controlling pyrometers so that the predetermined proj^m, 
of temperature increase to 1150 degrees F. and decrease, was maintained. Dur- 
ing this heating cycle, twenty-seven hours of uniformly rising temperature 
was expended in reaching the above limit. This degree of heat held for 
nine hours. Controlled cooling then followed for a period of three hours, 
after which the table was allowed to cool off naturally m the furnace. 

The authors do not wish to close this paper without paying tribute to 
the splendid workmanship performed by members of the welding, struc^ral, 
forge, and machine shops of the Philadelphia Navy Yard who were privileged 
to play a part in the construction of the tilting tables, instrumental for the 
mo$t efficient production of the giant armor plates destined to protect our 
fighting men and ships. 



Chapter XVIII— Base of Tilting Fluoroscope 
By Walter H. Haupt, 

Mechanical Engineer^ Kelley Koett Manufacturing Co., Covington, Ky, 


Subject Matter: When welded steel was first used for this base, 
it was designed for strength and was sufficiently strong, but was 
not rigid enough. Rigidity is essential in order to hold the 
subject and the fluoroscope, as well as photograph plate abso' 
lutely fixed in position if clear pictures are to be secured. Invest 
tigation showed that there was not suffident torsional ngidity. 
The paper shows how this was secured, e.g., a channel can have 
its rigidity increased many times by welding thin strips across 
the tips^ of the flanges. By securing improved torsional rigidity 
the design was satisfactory and great savings were effected in 
weight, in cost, but most of all in time. The United States army 
is giving rush orders which could not be met if it were neccs^ 
sary to secure castings, patterns, machine work, etc. Welding 
avoids all this. Cost saving is shown to be 58 %. 

The simple unit structure which forms the particular subject of this paper 
is certainly not a spectacular innovation in the art of arc welding. It does, 
however, represent a radical departure from the tradlitions of our industry, 
and certain conditions had to be met that in the opinion of the author have 
not been given sufficient emphasis in arc welding literature. We feel that these 
conditions may exist in so many cases that the solutions we have worked out 
and applied to the present structure will probably have very broad applica^ 
tion. 

In preparing this report we have, therefore, particularly stressed these 
problems and their solution, rather than confine ourselves to the description 
of the machine base with which this article is concerned. Particular emphasis 
in this case will fall upon the comparison of the new design with the one of 
cast iron that has been replaced. ^ 

We are building X-'ray machines. In most applications a relatively heavy 
unit containing the X^ray tube must be easily manipulated into position oppo-^ 
site the film. The object to be X-rayed is supported on a ray-transparent 
surface between the film and the tube. The photographs or radiographs made 
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are the pictures of shadows cast on the film by the varying density of the 
interposed object. The supporting surface and film are usually movable, but 
the tube itself is supported m such a manner that it is adjustable over a con^ 
siderable range m all directions and can be rotated about at least two axes. 
The source of the rays is made as small as possible, consistent with the power 
output. To obtain sharp shadows it is, therefore, necessary that the support- 
ing arms, substructures, etc., eliminate any relative motion. Movements, such 
as swaying or vibration after the parts have been positioned will cause the 
pictures to be blurred, defeating the efforts of the tube manufacturers to keep 
the effective source of rays small. Traditionally X-ray apparatus is light in 
weight for installation m hospitals and offices. It is rarely in continuous oper- 
ation hence there would be no j'ustification, or sale for apparatus built with the 



Fig. 2. Solid and split tubing compared for torsionol 


ample weight and proportions of a radial drill, together with its motori2;ed 
controls and movements. In most cases X-ray apparatus is built with large 
numbers of ball bearings and the moving parts are carefully balanced by 
weights so that a mmimum of effort is required to position parts qf the 
apparatus. 

As a rule the supporting structures have been made of cast iron, with 
intermediate members and tracks of cold rolled steel or steel tubing* A gener- 
ous proportion of aluminum was used in the moving parts, and lead was re- 
quired for balance weights, a combination which in the present emergency 
literally begs for substitution. 

Our first attempts to replace cast iron supporting structures with arc 
welded steel were made about three years ago and were considered very suc- 
cessful both from the points of view of performance and cost. These bases, 
however, were never adapted to our regular line, and the author had the feel- 
ing that the results obtained were gained by the use of generous amount of 
material and proportions rather than by the most economical and sound 
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application of the possibilities implied in the use of the newer type of con" 
struction. 

We, therefore, approached the problem from the engineering angle, cab 
culating loads and stresses m two directions and building to meet the rigidity 
requirements. However, in nearly every structure we found that there were 
set"Up, as a result of manipulation or adjustments, temporary vibrations which 
continued after the structure should have been completely at rest. Although 
we had provided amply for vertical and lateral ngidity the structures did not 
compare favorably with those we were attempting to replace. At this point, 
we were met by old timers’ fallacious arguments that cast iron was stiffer 
than steel and we had to resort to a senes of actual demonstrations on com- 
parable samples to allay objections. However, more careful observations 
showed us that the incidental temporary stresses and vibrations were torsional 
and further study companng the old and new structures revealed the reasons 
for lack of torsional ngidity. 

To illustrate this point. Fig 1 shows a logical substitution of a section of 
steel made by arc welding, contrasted with a similar section of cast iron. 
The steel section ‘"A” has greater strength and ngidity for bending stresses 
than the cast iron section ‘‘"B”. The torsional ngidity of either one is primanly 
a factor of the fourth power of the diameter of the circle that can be inscnbed 
in the fillet. Comparing these two by a simple calculation (#1) we find that 
the cast section is nearly four times as stiflF under torsion as the steel section 
of the proportions shown. It may be pointed out that the fillet in the steel 
structure could readily be enlarged, but unless this point is borne in mind it 
is likely that the steel structure was formed either by intermittent or stag- 
gered welds, and then we do not have even the continuous diameter 

section upon which the calculation was based 

(fl) Rigidity “B" (7/16)^ X (Torsional Modulus of Elasticity for C.I.) 

Rigidity “A” (5/16)^ X (Torsional Modulus of Elasticity for steel) 

= (7/16)^ X 5,600,000 3.8 

(5/16)4 X 12,000,000 X 



Hg. X Opmn cmd clo8»d clxcmnel compeared o» to toieioiicd dgldity. 
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Rg. 4. Obtcdnlng tonloncd rigldHr by bridging in contara. 


Another factor that entered into the problem which was not taken into 
account until later was the vibration damping effect inherent in ca^ iron. 
This caused vibrations which were set up in the cast structures to die out 

more quickly ^an tiiey did in steel. ^ ^ 1 1 r 

And so we found that in order to obtain charactenstics comparable tor 
the purpose with the older designs we had to greatly increase the torsional 
rigidity and thereby eliminate the vibrations that required damping.^ 

We made several designs incorporating pieces of tubing as torsion mem^ 
bers into our structure at critical points but found this expensive and often 


awkward to do. j t 1 1 

.We were encouraged by calculations shown in Raymond J. Roarks for- 
mulas for Stress and Strain”, One particular comparison (#1) illustrated in 
Fig. 2 showed that a piece of tubing % 2 dnch wall and 4-mch outside 
diameter has approximately four hundred times the torsional rigidity of the 
same tube split lengthwise. We realized that it would not be difficult to 
appreciably increase torsional strength by closing certain structural elements 
with bridging of tihdn sheet metal An example of one of our tests on a 
three inch channel is illustrated in Fig. 3. The open channel was tobmitted 
to a twisting load and the deflection measured. A ^similar piece of the same 
channel (3 A) was closed by tack welding a piece of 16-gauge sheet steel 
across the top of the flanges. The deflection for the same load was reduced 
to about one sixteenth of what it was for the open channel. 

In our further designs our tendency has been to use much thinner gauges 
of steel than at first, and to provide torsional strength by bridging comers, 
(Sec Fig. 4). Sometimes it has been found desirable to pmvide double thick- 
ness in adjacent sections for bolting and attadhing other parts of the machine. 
In such cases we have provided torsion members attached wholly or partly 
by plug welds as in Fig. I, because these plug welds could be placed near 
comers of the triangular section where they belonged to make the bradng 


cifective, (See also Fig. 6). 

Thus having determined certain essential elements of the desirable sup- 
ports we have been able to design without further expmmcnting suitable 


(#1) RoairFs “Formulas for Stress and Strain,” 2nd Edition, Page 160. 
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structures for arc welding, and have found these structures far lighter, and 
more e^conomical as well as much more rigid than any previous designs. 

The particular base of a tiltmg fluoroscope which we shall proceed to de^ 
scribe represents the application of the above studies and expenments to a 
special machine designed to meet certain specifications proposed by the medical 
division of the United States army. 

The time allotted for completing the machine and submitting cost esti" 
mates was less than the time that would ordinarily be required to make new 
metal patterns and make sample castings from them. The proposals made by 
the army differed from our standard machines primarily m the omission of 
certain features usually demanded by the medical profession. However, when 
we calculated the cost of our standard job, omitting these items we found the 
cost was still far above the pnce range suggested by the army men. Further^ 
more the production of these tables in the quantities mdicated, would have 
handicapped us m the millmg machine department which is practically the 
bottle neck of our present production. 

A new design, made entirely of steel by arc welding, and taking full 
advantage of the simplification possible due to omitted features was com- 
pleted under pressure. No special equipment or tools were needed to com- 
plete the sample table and no time was lost obtainmg the matenal, mostly 10- 
gauge sheet steel. Even so, before we had time to rust-proof or paint the 
various parts we were requested to submit the table in the raw to mspection 
and tests by shipping it to Washington. 

By no other method could we have completed the sample in so short a 
time; by no other method could the raw product have presented such a neat 
and finished appearance as did the arc welded job submitted. The unit proved 
to be far more rigid than any previous structure in its class, and was much 
hghter m weight. Both of these advantages were considered of major im- 
portance. 

Let us now proceed to analy^je the construction of the base as it was built 
to meet its functional requirements. The base consists of a front and rear leg 
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Fig. 6. Torsion sUffening applied to flat plate. 


designed to carry an X-ray unit, transformer, table top, 250 pound patient, 
and a fluoroscopic assembly, all pivoting on a pair of bearings located near the 
top of the base The front leg is very shallow. It is raised from the floor 
by a pair of blocks and leveling screws so as to provide toe clearance. Thus 
the operator can stand very close to the unit This leg serves merely as a 
vertical support but is weak against lateral loads. The rear leg also on levelling 
blocks IS bmlt like an abuttment, and takes any lateral loads that may be 
applied, the load being transmitted from the front to the rear by the inter" 
mediate parts A closed triangular element shown in section ‘'‘‘A’’ in Fig. 7, 
placed where it will not interfere with other parts of, the complete assembly, 
ties the front and rear legs together acting as a very stout torsional member. 
This member will cause the unit to rock on three levelling feet if the fourth 
is not adjusted, rather than permit the bearings to move out of line with each 
other In addition to this main torsion member each bearing block is tied to 
the main torsion member by a closed triangular section welded to the left 
flanges of the front and rear legs. These prevent the bearings from twisting 
if the pivot studs on the supported structure should tend to do so. The flanges 
on Ixith legs are turned in and the outer surface is a large smooth triangular 
area of extremely neat and simple appearance. 

In building up this base we first madhine the two bearing blocks on a lathe. 
Bushings are pressed in and reamed in alignment in the final assembly. These 
bearing blocks are placed on a spacer bar in their correct relative position and 
the remaining parts of the base arc positioned and welded in relation to these 
blocks 

Milling operations were entirely eliminated. Other machining except for 
the bearings mentioned was limited to drill press operations. Finishing time 
and costs were cut greatly because of the elimination of plastering, etc., bc^ 
fore priming, which had been necessary on the cast iron bases. 

Costs on the first model were not used as a basis for production exists, but 
our estimates were compared with those made by commercial welderies that 
could be called upon to assist us m producing these bases. The figures arrived 
at were astonishing when compared with 9ie known cost of our previous 
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assemblies. The reduced cost and the incidental advantages of reduced wdght 

and increased strength have brought us to the conclusion 

to redesign our entire Hnc for the far more extensive use of arc weldmg at 

the earliest possible moment. ^ 

A compLison of the arc welded and the previous cast iron base from 

manufacturing figures will be of interest 


Cast Iron 

Pront leg — 

Rear leg • - 

Connecting members 

Total cost of cast assembly. 
Arc Welded Base 

Material cost 

Labor and welding .. 

Machining 

Finishing 


Material Machining 
Cost Cost Finishing 


$ 6 00 
6.00 
2.25 
4.50 


$19.00 

21.00 

4.00 

$44.00 


Saving per unit in cash - 

Saving in percent of original cost... ’ <in ton 00 

Saving on an estimated year's production of 400 tables.— * 

Weight of Cast Iron front leg 

Weight of Cast Iron rear leg.... 102 lbs. 

Weight of steel connecting members - - 

Total weight ik* 

Weight of arc welded base complete..- - - - lin ik ' 

Saving of weight per unit - 

Percentage of weight saved - , 

Matcnal saved on a year’s production of 400 tables is 52,000 lbs. or 26 tons or metal. 


The advantages of reducing machining time in production, particularly 
eliminating milling operations cannot be overestimated in our present situa^ 
tion. Tbe possibility of producing the sample in the time allotted, was a defi" 
nite necessity in this case. We would have suffered a serious setback wiuiout 
the use of arc weldmg. The reduction of shipping weight of maeWnea that 
may be sent wherever the army goes is a real asset. The elimination of the 
hazard of breakage through rough treatment in transportation is a big factor 
favoring the new design. The smooth flat surfaces are not only an admntage 
in the finishing of the base, but an important sanitary factor m a hospital 
unit, making it easy to keep clean and sanitary. The extreme rigidity of the 
base will assist in yielding quicker and more accurate diagnoses of casualties 
than a shaky structure and may contribute strength to the thin thread by 
which some life is hanging. This same rigidity will reduce wear and tear on 
bearings and other parts due to misalignment, and a long service life will 
result Should damage result to the base through accident it is reasonable to 
assume that repairs can be made quickly and locally by any one skilled in 
welding. 

The advantages which we have worked out in this particular arc welded 
base we attribute partly to the increa^d knowledge of the pomhJHtiw of arc 
weldmg which we gained by the various simple studies and experiments which 
were descried in the early part of this report. We feel confioent tlttt we am 
apply this background of experiment and ©cperience to good advanta^^ fa an 
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endless number of related structures. With torsional stiffeners well placed 
it is surprising what can be done with very thin sections of sheet steel. Our 
problems are not unique and we hope our presentation will help others to 
save money and precious material and to gain strength and rigidity for future 
designs, particularly where lightness and strength must be combined. 

It is very difiBcult to make an estimate of the saving which a design like 
ours could produce in industry as a whole. The total number of xinits, of 
the type for which this base was built, produced in the United States in one 
year, is about two thousand. Therefore the annual saving for this industry 
as a whole would be about five times what we have estimated for our com^ 
pany, that is, $50,500 in cash and about 130 tons of metal. 

We would rather take into account the savings that could be produced 
by the increased knowledge and understanding of the effects of torsional 
stresses and how to meet them in arc welded structures, as we have tried to 
emphasise. The savings that could then be made by application of these ele- 
ments to allied designs would really be unbelievable. 



Chapter XIX — ^Arc Welded' Motor Drives for Machine Tools 

By John Peyton Berkeley 

Chief Engineer, Berkeley Equipment Co., Corry, Pennsylvania 


Subject Matter: The economic advantage of converting older 
machines now equipped with belt drives, to motor drives. The 
savings effected arc shown in detail — more work turned out 
faster and more variable speeds available, safer, too. ^ The writer 
then devotes the remainder of paper to a comparison of cast 
iron and welded steel brackets, columns, etc., for the motors. 
He shows that the arc welded designs are ^cheaper, stronger, of 
better appearance, etc. 


Part One — ^Analysis of the Need for Motor Drives and of the Benefits 
Directly Traceable to Their Use — ^For a number of years it had been the 
trend in modern industrial development to consider a machine tool as an 
individual and self-contained unit. This unit, however, is treated as an 
integral part of a carefully studied plant layout. 

The results of the study of the spacial relationships of machine tools applied 
to production problems have been spectacular. Thousands of specific opera- 
tions are now done in one-fourth to one-tenth of the time previously spent on 
the same job, A considerable share of the credit for this amadng jump in 
plant productivity can be given to the individual motor drive. Machine tool 
manufacturers reali 2 ;ed the benefits of individual motorisjation years ago. They 
initiated motor driven models of their machines. These models became so 
popular that they now monopoliije the field. 

Machinery has been built in quantity, however, for 50 years or more. It is 
common today to see machines 30 years old in active service turning out a 
creditable run of work. These machines are still valuable, and it is poor 
economy to junk them for new equipment. On the other hand, as originally 
built to run from a line shaft or jack shaft, they are usually unable to com- 
pete on even terms with modern, motor driven equipment. The reasons for 
this are immediately apparent. 

Placement of Machine Tools^ — Self-powered machines can be placed to 
their best advantage in any given production line. Their position is not 
dictated by the presence or absence of a line shaft. If changes in tooling are 
made, machines easily can be moved to a new location in a very short time. 

This mobility of machinery is of inestimable value. It allows the proper 
jequence of manufacturing operations. Economy of tooling is thereby effected, 
ind waste motion, both of men and job parts, is considerably reduced. 

Speed— It is usually true that line shafting set-ups have not been changed 
for a number of years. Changes in speed ratios are difficult and costly to 
make, and this contributes to the fact that a great many machine tools now 
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operating from line shafts run at improper speeds. Usually the speed is too 
low. When the shafting was first erected, pulley ratios were probably figured 
correctly for the spindle speeds then used. However, tools and lubricants have ’ 
improved so much in recent years that cutting speeds and feeds on numerous 
operations average 50 per cent higher than they were fifteen years ago. If line 
shafts have not been speeded up proportionately, the machines are crippled. 
The writer has found this to be the case in a number of specific instances. 

Another factor contributing to incorrect spindle speeds is the difficulty in 
changing belts from one cone step to another. The usual method of change 
ing speeds is by shoving the belt over with a long pole. This is a difficult and 
dangerous procedure. It takes valuable minutes of a man's time. Since it is 
not easy to do, the operator's tendency is to leave the speed where it is. 
Work suffers as a consequence. 

Power — In order to be effective, a machine tool must have a positive and 
steady pull. There is no take-up in line shafts, and the result of stretching 
belts is slippage. This means wasted power and a consequent increase in over- 
head, as well as inferiority in the work produced. 

Maintenance and Overhead — ^Line shafting is expensive to keep in good 
condition. Heavy, wide leather belting costs a great deal of money. Bearings' 
and bushings must be kept lubricated. Belts must be shortened when they 
stretch. Most large factories employ at least one man to take care of belting 
alone. 

A more costly consideration is that which pertains to down time. When 
a line shaft fails, a whole battery of machinery becomes idle. A double ex- 
pense is thereby incurred. The machinery is not working, and the idle men 
must still be paid. One large plant,* which subsequently motori2;ed their 
equipment, estimated that 10 per cent of its machinery was down at all times. 
Nearly one-fifth of this total was due to line shaft failure. 

Improvement in Working Conditions — Studies have been made by very 
large concerns to determine the relationship between worker psychology and 
production. The results obtained have led to many refinements in working 
conditions. Shops are cleaner, cooler and lighter. Men are given rest periods. 
Canteens have been set up. Toilet facilities have been improved. Production 
figures, as a result of these changes, have gone steadily higher. A specific 
example illustrates this point. One small plant, motorizjed by this company, 
found that production jumped 20 per cent as the combined result of motoriU" 
tion, and more conveniently located equipment in a new building. Most of 
this increase was due to the convenient and pleasant working conditions 
established through the use of individual motor drives. 

Motorisjation unquestionably is a primary factor in the improvement of 
working conditions. Compare Fig. 1 with Fig. 2. Fig. 1 shows a battery of 
Gridley automatics in a ball bearing plant. The masjc of belts is nearly unbe- 
lievable. Inspection will show the first of the motor drives which eventually 
replaced all the belting in the picture. This plant is now considerably more 
spacious in appearance, and production rates are higher than they were. 

Fig. 2 shows the end product of motori5;ation. This shop is an excellent 
example of how motor drives can improve a plant's appearance. 

Certain conclusions can be drawn from the above discussion. Drive manu- 
facturers usually estimate that the motonza.tion of old machine tools results 
in a 25 per cent increase in their productivity. The writer has been told on 

♦In thii paper names of plants cited as examples will not be given. Their identity can 
he established by communication with the author. 



962 


STUDIES IN ARC WELDING 



Tig. 1. Bad belting eondiilons due to placing automatic macblnee too edoee togofiiM. 

aeveral occasions that motor drives have paid for themselves in a year or less. 
In our own plant, which was motorized from the beginning, we have no fig' 
ures upon which to base a companson. 

Assummg that a production increase, or cost reduction of only twenty 
per cent is realizied through motonzation, the savings are still tremendous. 
The wnter has no sure way of telling how many machines have been motor' 
ized in the last two years, but a fairly true estimate can be made. 

There are six large dnve manufacturers and a number of small ones. 
Conservatively cstimatmg their output with respect to our own, by compari' 
son of the number of competitive drives seen in various plants, it is safe to 
say that 25,000 machmes have been motorized since January 1940. 

Assuming the average earning capacity of each of these machines to he 
$2.50 an hour, certainly not a high figure, the sum of the earnings made by 
these 25,000 machines is $130,000,000 per year. This figure is based on fifty' 
two forty hour weeks. 

If 20 per cent of this total profit is due to motorization, $26,000,000 per 
year has been made through the use of motor drives. This share of the vajue 
of work produced must & balanced against the cost of the drives. If this 
is an average $100 per unit, the drives cost $2,500,000. Added to this is 
another $2,500,000 for motors and electrical equipment. 

The increase in productivity derived from mptorizatitm is seen to be 
$26,000,000 per year, or a total of roughly $62,80*0,000 from January 1940 
to June 1942. Subtracted from this total is the $5,000,000 spent for motor 
drives. On the other hand, this $5,000,000 can also be turned into profit. 
Ninety-nine out of a hundred machines motorized have thetwerically depre- 
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ciated to minimum value before the motorization Upon their renovation, 
they became capital assets of a quite considerable value. It can be stated as 
fact that the value of most machines motorized is mcreased from one to ten 
times 

Fifteen per cent of the total advance in earnings of $62,800,000 since Janu^ 
ary 1, 1940, or a sum of $9,420,000, can be conservatively credited to arc 
welded motor drives. As will be brought out later in this paper, if all the 
drives built were welded, probabilities are that earnings would have been about 
5 per cent more than those given in the above hypothetical example. 

It must be emphasized that these figures are purposely low The total 
number of motorized machines is much higher than the number used in the 
example. Most machines now run 18 to 24 hours a day instead of eight, and 
they make more than $2.50 an hour for their owners. 

The benefits resulting from the motorization of machine tools have been 
enumerated above. The next section of this paper will deal with the role of 
arc welding in their manufacture as opposed to cast construction. 

Part Two — Comparison of Arc Welded Drive Units with Cast Iron 
Types — ^The comparison of arc welded construction of motor drives with 
cast iron construction, the only feasible alternative method of manufacture, 
brings out a number of important points in favor of arc welding. 

This company originally built motor drives of cast iron. In 1936 an experi' 
mental welded steel drive was built and tested on one of our own machines. 
This drive still runs the same turret lathe. 

The surprising results of this experiment can be tabulated briefly as 
follows: 

1. Material and labor cost of the test column was $12.85. The cast iron 
drive it replaced cost $15.07. This was a cost reduction of 15 per cent. 

2. A 10 per cent saving in the erection cost was noted. The reason for 
tbs was the light weight of the all steel drive column, wbch matcnally aided 
the millwright. 

3. The steel colunrn absorbed shock more efficiently than did the cast 
column. The quality of work done on tbs one machine was improved because 
the power transmission shocks were dampened. 

4. Most important of all, arc welded drives allowed the manufacture of 
any conceivable design for any possible application. Since 1936 this company 
has produced 3100 distinct drive types. Most of these are variations of stand" 
ard units. At least half of these types were used only once or twice, since 
they were designed for special equipment wbch is rarely found in industry. 

Since motor drives sell for as little as $26 and rarely cost more than $300, 
it is obvious that tbs company could not have afforded the huge pattern cost, 
were each of these drives made from cast iron. 

Point four is of the utmost importance. Most drive manufacturers today 
are content to build a few sizes and styles of standardized brackets. Their be" 
lief is that most maebnes can be motorized with these standard shapes. At the 
same time they feel that money is saved as a result of quantity production. 

Both of these points are partially true. The writer does not mean to cast 
aspersions upon competitive products, but it is necessary to analyze these two 
factors. Arc welding is distiactly suf^or to cast iron oDnstruction in drive 
manufacture, and the realms must be stated. 

Any cngiacer will a^nec that a machine part built for a specific purpo«v. 
will do a better job than an item wbch serves many similar purposes. An 
adjustable wrench will fit many sizes of nuts^ for example, but an end wrench 
wffl ti^ten mt nut more times without springing. 
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It is the same with motor drives. When arc welded forms are used, a 
properly engineered drive can be built for any machine that has a wheel to 
turn. There is no necessity, for example, to carry a cast column eight inches 
behind the back gears of a small lathe, merely because patterns have to be 
made which fit all similar machine types. 

There is no necessity for the purchaser of a drive to weld up a sub^bracket 
upon which to mount the standardi 2 ;ed cast drive. An arc welded drive can 
be built to fit any mounting condition. There is no necessity to brace a 



Fi<r- 2, Improved working conditions by motorised equipment 


shaky cast drive with straps and bars. If insufiicient mounting space is avaih 
able, the arc welded drive can be designed to utilize any possible additional 
points of support, such as shown in Fig. 3. There is no necessity to chip off 
sections of a cast column because the custom built welded drive can make 
allowances for obstructions. These points illustrate the fact that a properly 
engineered arc welded drive can be mounted in 10 to 25 per cent less time 
than a similar cast drive. 

A drive designed to fit a certain machine is also better looking. Instead of 
appearing as though it were ‘‘'stuck on’\ it becomes an integral part of the 
machine and performs as such. A glance at Fig. 4 will show this to a marked 
Jegree, In Part I it was stated that a welded steel drive produced better 
Evork on the same machine than did the original cast drive. This saving alone 
:an add up to perhaps 5 per cent. It should be understood that there arc 
lumcrous outstanding exceptions to this statement Some cast drives, such as 
hose sometimes built by the original equipment manufacturers, arc very 
jcxsd. 

The superior strength of steel columns compared to cast Iron columns of 
he same dimensions can be seen from figures of their average strengfte. 
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Medium Cast Iron 

Structural Steel 

Tensile strcngtli 



60,000 

60,000 

45.000 

30.000 
29,000,000 

Compression 

Shear 

Yield point 

Modulus of elasticity 


ioo;ooo 

24,000 

16,000,000 


Drive columns are subjected to external stresses which include tension, 
compression, bending, shearing, and torsion They are built strong enough 
to carry, as dead weight, hundreds or thousands of pounds in excess of their 
actual loading. The difficulty in their design is the necessity to cope with 
vibration set up by unbalanced rotating members. 

One of the major faults with nearly every cast drive column manufactured 
today is that the width of the column exceeds the depth. Correct design 
dictates that the greatest depth of metal be in the direction of greatest stress, 
which in most drives is the belt load. 
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Fig. 4. Low-swing lathe with welded steel pulley drive. 


The resistance of a column to bending increases as the square of ^ the 
column's depth in the direction of the force, and only directly as its width, 
according to the formula for the section modulus. Therefore, most cast drives, 
which are wide but not deep, are incorrectly designed. 

The box section affords the greatest resistance to stresses applied in two 
directions for any given weight of metal, but it is difficult and costly to cast. As 
a result, most cast columns are made in T^section or channel section. These 
shapes are structurally unable to resist the stresses set up in a drive. Since they 
are of an unsound cross section, more metal must be used to make them capable 
of carrying a given load. 

And since they are cast iron, roughly 30 per cmt more metal has to be 
used than if they were steel, even if the cast column were in box section. For 
economy of materials, therefore, it is unwise to use cast iron for columns and 
brackets. 

Calculations for strength of columm xmder 'different^ sets of stresses are 
quite complex, and will not be illustrated here. It is suiEdent to say that any 
given cast iron column must be at least 30 per cent heavier than the equiva-^ 
lent steel column, if both are box section. If the cast a)lumn is channel or 
T^section, It must be 70 to 150 per cent heavier if designed to redst the mme 
loadings. Drive manufacturers reali^ tWs, and in order to build cast oolumns 
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as light as possible, they depend upon external support to make up the de^ 
ficiency of design and metal. 

If, to the improper shapes used in cast iron columns, is added the fact that 
they are designed with deep throats and great length to fit many different ma^ 
chines, it can be reali^^ed that a cast iron bracket is most inferior to the equiva^ 
lent steel column. Another important consideration is that cast columns often 
break, especially at the base, because of their brittle material. 

In conclusion, it is possible to design a cast iron drive which is cheaper 
than the corresponding welded steel drive. It can be done, however, only at 
a sacrifice in efficiency, appearance, and durability. 

To illustrate the impracticability of attempting to build a cast drive equal 
in performance to an arc welded drive, the recent experience of this company 
will be cited. 

In June 1941 we decided to make a cast iron unit to fit average lathes 
and screw machines. The column was not to be inordinately deep and long 
in order to achieve versatility, and the features of the welded steel drive were 
to be duplicated as far as possible, (See Fig. 5) . 

A box section column was designed with careful attention to wall thick- 
nesses. All the mating parts were carefully machined in welded jigs and fix- 
tures, to fit together closely. 

When the job was done we found the resultant drive to be inferior to our 
standard product, and that its cost, in an attempt to equal the performance of 
the welded steel drive, was greater by 34 per cent. The original order was 
for units, and we took the drive from the market after selling thirteen. 

Cost data of this cast drive compared to that of the standard unit follows. 
In all the cost analyses to follow, only labor and material costs are considered. 
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Our overhead includes welding wire> gas for flame^cutting, and engineering 
expenses. Cap screws, sheaves and belts and other finished materials are not 
included. 

Cast Transmission Drive 

Matenal 

Column 58# @ $ 09 

Head Casting 32# @ 08 

Ram 19# @ .O6/2 

Motor Arms 10# @ 07]/2 — 

Clamps 5# @ 10 


Total 


.$ 5.22 
. 2.56 
, 1.23 

, .75 

, .50 


.$10 26 


Labor 

Column 

Head Casting 

Ram 

Motor Arms . 

Clamp 

Assembly 


$ 2.75 
1 07 
1.04 
,70 
.21 
.60 


Total $ 6.37 

Total Cost, Matenal and Labor. $16.63 


Standard Welded Steel Drived 

Material 



'' Plate 

.35# 

@ 

$4 60 

per 

cwt 

$ 161 

/Id 

X 6" H.R.S 

*■ Tr 

-11# 

@ 

3.65 

per 

cwt, ...... 

40 

2 V 2 ' 

" Pipe 

- 8" 

@ 

23.54 

per 

100' 

15 

Seamless Steel Tubing. 

.14" 

@ 

63.92 

per 

100' ..... 

76 

2V2‘ 

" Round C.D.S.... 

..20# 

@ 

5.04 

per 

cwt 

1.40 

V4' 

Plate 

- 8# 

@ 

4.75 

per 

cwt. ..... 

38 

Vt!' 

X 8" Bar 

- 7# 

@ 

4.75 

per 

cwt. ..... 

33 

Total 






$ 5.03 


Labor 


Cut .... 

5 Hr. @ $1.00 . 

$ .50 

Weld 

....2.7 Hr. 

.85 ... 

2,29 

Grind 

1.0 Hr. @ 

.55 .. 

55 

Machine Work 

....1.4 Hr. @ 

.70 .. 

98 

Ream 

8 Hr. @ 

.60 .. 

48 

Assembly 

8 Hr. <§) 

.70 ... 

56 


Total 1 , .. 136 

Total Cost, Matenal and Labor... ...... .... .410.39 


act of fibres given for the Standard Welded Steel Bmcket are the itme m 
given in Fart Four, m an example of our most recent cost mdnk of the trini»Wo«i 
type. 
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Pattern cost for the cast drive was $148.95. Jigs and fixtures were $124.38. 
In quantity production this total of $273.33 would be absorbed to the vanish^ 
ing point. This drive, although the equal of any cast iron dnve on the mar^ 
ket, could not compete on even terms with the welded unit. Customers who 
bought both styles specified the welded steel dnve on their repeat orders. 
Hence, it was discontinued, and the remaining columns he in storage. 

These comparative costs may seem out of hne. The wnter can give assure 
ance that they were checked most carefully with the help of the office man^ 
ager of this company. 

The conclusions that can be drawn from the above discussion are most 
important. On our own machme, and subsequently on all our machines, the 
welded steel drive allowed the production of superior work. It is the belief 
of the wnter that a 5 per cent increase in production can be established with 
the use of welded steel drives as opposed to the use of cast iron drives. 

It can also be seen that welded construction is not able to compete on an 
event cost basis with cast construction, }f in the latter no attempt is made to 
equal the performance of the welded steel drive. 

If castings are so designed that they nearly equal performance of a simi^ 
lar arc welded unit, then the cost is exorbitant, if our own experience is any 
criterion. 

Part Three — ^Description of the Fabrication of Arc Welded Motor Drives 
— ^The sequence of operations used by this company is simple. When an order 
for a drive unit is received, it is first sent to the cngineenng department. The 
sketch of the machine is compared with designs of similar machines already 
drawn up. If no drawing is suitable for the unit on order, a new drive is 
laid out by a draftsman. 

From engineering, the completed design is sent to the stock room, where 
necessary finished parts are selected. The parts taken from the stodc room 
are divided into two classes: those which go directly to assembly, and those 
incorporated into the column in the welding department. 

The basic drive is built in the weldmg room. It is then ground and taken 
to the assembly department Here the various pieces of finished stock are 
added. The drive is painted with machinery enamel, crated, and shipped. 
This whole cycle can be completed in a day if the drive is a more or less 
standard type. 

The motor drives manufactured by this company can be divided into three 
mam classifications, 

L Welded steel box section columns. 

2. Structural «|uare tubing assemblies. 

3. Flat panel supports. 

The manufacture of each of these three types presents individual problems 
which will considered separately. 

Welded Steel Box Section Columns — Columns built by this company 
arc made from fi«-'inch and J4rinch hot^rolled plate. When drive parts go 
to the welding room, a template of the column accompanies them. The side 
panels of the column arc cut to the shape of the template by means of a flamc-^ 
cutring pantc®raph specially built for the purpc»e. 

The two side panels are cut «:pmratdy, Hghtly tacked tsopther, and ground 
fflaoedb. An attempt was made to stack'Cut tibe plate, but it was not eomomkal 
for our puir|K»es. wide mill plates agre scxnewhat waw, and it was neew^ 
lary to clamp tl«m tc^ether «) carefully that tibs addirional capeoic more than 
off^ 'the saving kx cutting rime. 
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After they are ground, the two side panels are set up m a Jig and tack 
welded to the base plate and head piece. Sheared plates of the correct widA 
are bent and then tacked to the side panels to complete the box sect^n 1 acte 
are made every three or four inches in order to minimize isto^on from 
welding. If the column is very large, internal bracmg is added before to 
tacking operation is completed. The bracing eliminates any tendency 
column to weave or vibrate under load. For drive si2;es under 7/2 horsepo » 

internal struts are rarely used. i. 1 1 « 

After tachng, the column is welded up. On heavy like Aa 

which joins the column to the base plate, a % 6 'inch fillet rod is ured. 
gives a beautiful, smooth, concave bead which requires no finishing. The Mlet 
usuaUy completed m one pass. The column proper is welded together with 
a poor fit-up rod %2 mch in diameter. The corner welds are completed m one 
p^, downhand, by the use of a small circular weave, which makes a smooth 
weld requinng less gnnding The top end of the column fits 
p ier o. usually a length of tubing or pipe of various diameters. This head piece 
is welded to the column by means of a' figure eight or long weave weld. 

There is no advantage in usmg a deep penetration rod for tms work. JNo 
stress approachmg the tensile strength of the metal is ever applied to a column. 
Furthermore, a “hot” rod tends to burn through in spots where fit-up is not 
good. Coated rods are used to obtain greater ductility and punty of weld 
metal. Ductility is very advantageous in tacking, for the tacks can witJistancl 

considerable abuse from a hammer. • 1 , 1 r 

Columns were formerly welded up on benches with chocks of various sizes 
to hold them in place. A work positioner was recently completed which allows 
the welder to complete a column without the diiEculty of hand positioning. 
This fixture will be further discussed under costs in Part IV. 

The problem of work distortion due to the contraction of weld metal is 
not serious. Columns are well tacked and the weld docs not pull them notice- 
ably. Careful welding in a set sequence controls distortion to a large exten^ 
Opposite comers of the column are welded first, then the ba^ plate, and 
finally the head piece. If a plate bows to any extent it is straightmed in an 
air press. On close work the weld is stressed with an air hammer. This is not 
a common occurrence, since it is rarely necessary to work closer than 
Only one application is hampered by distortion, and it will be discussed under 
Part II of this section. 


Structural Square Tubmg Assemblies-^ — Drives are often built from struc- 
tural square tubing. This method of construction is very inexpensive, 
sections are already provided in the tubing, and the only welding required 
is in butt welding the lengths of tubing together with the poor fit-up rod 
mentioned above. 

Fig. 6 shows to good advantage one of the methods of belt adjustm^t 
used by this company. This method of adjustment is also used on box section 
oDlumns. Welded to the motor plate is a piece of cold drawn steel, or gmund 
steel tubing with or without acme threads, depending upon the pattiadar 
application. Hixs piece is provided with a f !4dndh keyway. The whole 
sub-awembly fits mto a socket of seamless tubing* After the two assemMiw 
have been lined up, a ^ welded to the female^ assembly. 

This is accomplished by bending the last J 4 '‘inoh of the key to a right wg!e 
no that the ends project through two V^-inch holes drilled near the mm of 
Hhe tube. The J4-inch hole is then filled with weld metal immoMWng M 
hey. 
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Fig. 6. Special drive units built lor punch presses. 


Engineers have sometimes been surprised that such an arrangement 
strong enough to withstand the torque to which the units are subjected. Th 
jpoint out that the welding rod has l3arely begun to work by the time the he 
is filled up. As a result, the weld is impure. This is a valid criticism. T 
only possible answer is that in upwards of 15*00 applications, some of whi 
have been in use for five years, not one failure has been recorded. 

Distortion due to welding detrimentally affects only this sliding tu 
assembly. The female member is pulled out of round by as much as 
It is consequently necessary to ream out each tube after it has been welde 
The cost of this operation is not excessive, as is shown in the various a 
sheets presented. A large radial drill with special chucks and fixtures is us 
for the job. 

Structural square tubing is surprisingly strong. It has been used on dri 
units up to 1 5 horsepower in sisje. Compared to a column of the same m 
tion welded up from plate, the tubing is about 60 per cent cheapi 

Its use is restricted to short spans and vertical members, as shown in the vaj 
ous illustrations. From a sound engineering standpoint, square tubing does n 
make a true application, since the transveme axes of the tubing are of the sar 
length at both top and bottom. This is not an important drawback. 

Flat Panel Supports— The third main classification of drives cmbrac 
those units whose main supporting members arc flamc^ut from 54%- 
and Idneh plate. 

The largest drive ever built by th.is company is of this type. It was ma< 
from a panel of Idnch plate with stiffeners welded across the bottom sid 
The drive stands in a horiajontal plane and is held in place by four adjustab 
which in turn are welded to vertical pads of 54dnch plate bolted " 
the machine.. 

Our me of panel sections came as a result of an attempt to cut the co 
of large planer drive units. The two vertical support members which rest upc 
the curve of iht planer yoke were formerly made in box action. In Fdbruai 
1941 these two sections were replaced by panels of %dnch plate, flame^c’ 
smd ground te the mrrect dbape on a tm model for our own planer. The ne 
type of omstruction proved to he every Ht as rigid as the oripnal, and 
mMng of 2f per cent In imnufactuiing c<»t was made. 
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The use of panels is restricted. Excessive unsupported length leads to bend- 
mg of the plate. For comparatively short sections, the panel is as satisractory 
as any box section could be. As noted above, it is a cheap type or unit to 
build. The only weldmg required is the mounting of various pads on the 
panel These are all attached by means of positioned fillets or butt welds 

Part Four — Cost Analysis of a Standard Type Drive Unit from January 
1940 to May 1942— The major obstacle m an attempt to show complete cost 
records of our product since 1940 is the great mass of data which must m 
presented. Since so many different kinds and sisjes of drives are bmlt by this 
company, a comprehensive cost picture is nearly impossible to make, except 

on the most general grounds. . -l ^ 

In order to present a short, true, cost analysis, the writer has chosen to 
give data on one type of dnve only* the gear transmission drive for standard 
14 and Idunch lathes. This drive type accounts for approximately one-twen- 
tieth of the production volume of this company. 

In all the breakdowns that follow, no overhead or selling expmsc is in- 
cluded. No sheaves, belts, electrical equipment, gear boxes, or finished mate- 
rials such as nuts and bolts are considered All the material^ costs, excepting 
that of cast iron, are based upon quantity purchases at today s rnarket prices. 

The first model of the drive to be analyzed was built in February 1940. 
(Fig. 7) . The engineers believed that economy would be obtained by the mod- 
ification of an existmg drive type. Accordingly, one new casting was designed 
and added to a drive style already in production This proved to be an expen- 
sive economy. The drive worked very well and its appearance was excellent, 
but the cost of manufacture was excessive. Its production was discontinued 
after six umts were sold. 


Cost Data for Drive No. 1087 (Fig. 7) 
February 1940 

Material 

5 Castings 52# @ $ .07 

Steel Plate 37# @ 3 65 per cwt. ... 

Seamless Steel Tubing- 5^' @ 63.92 per 100^ ... 

Steel Plate 8# @ 3 65 per cwt 

Miscellaneous Items — 

(Handwheel, Bushings, Pins, etc.) 

Total - 

Labor 


Cut 

JHr @ $ 

.80 

Weld 

4.2 Hr. @ 

.80 

Grind - 

.....1.0 Hr. @ 

.50 

Machine Work .... 

.....5.6 Hr. @ 

.65 

Assembly - 

2.1 Hr. @ 

.60 


Total 

Total Material and Labor. 


.$ 3.64 
. 135 

. .27 

. .29 

, 2.40 


7.95 


.$ .40 
. 336 
. .50 

3.64 
. 1.26 


.$ 9.16 
.$17.11 


The next design. Fig. 8, worked out swung m the oppc«ite extreme. In an 
attempt cut costs^ a drive of inferior charactcristia was produci^. There 
wane two diawbacks to the new design. First, whoa the take-off belt to tto 
machine wm adjusted, it automatically changed the centers on the V belt input 
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drive, necessitating double work to tighten one belt Second, the column was 
of a top heavy and unwieldy appearance. The first of these drives was built 
in July 1940 and only two of the model were produced 


Cost Data for Drive No. 1364 (Fig. 8) 
July 1940 


Material 

1 Casting 16^ @ $ .08 

%(}" Steel Plate 76# @ 3 65 per cwt 

Seamless Steel Tubing.. 6" @ 63 92 per 100' 
1 Bronte Nut 


$ 


1.28 

2.04 

.32 

.44 


Total 

Labor 


Cut 

6 Hr, 

@ $ 

80 

Weld 

3.8 Hr 

@ 

80 

Grind 

1.2 Hr 

@ 

.55 

Machine Work — 

2 5 Hr. 

@ 

65 

Ream 

.-.-.1.4 Hr, 

@ 

. 621/2 

Assembly 

8 Hr. 

@ 

.50 


Total 

Total Cost, Material and Labor 


,$ 4 08 

.$ .48 
. 3 04 

. .66 
1.62 
88 
. .40 


.$ 7.08 
.$11 16 


Since this design did not prove successful, an immediate change was made 
in the basic design. Both the motor and transmission were mounted on the 
same vertical adjusting screw, (Sec Fig. 9). This eliminated the necessity 
of adjusting both sets of belts at the same time The bulky column was also 
discarded. Figures for this drive, a good model, which was first built in August 
1940 show an increase in cost. The advanced design more than offset this 
increase. 


Cost Data for Drive No. 1479 (Fig. 9) 
Augast 1940 

Material 

1 Casting 16# @ $ 08 

y,„" Steel Plate 40# @ 4.40 per cwt. ... 

y/' X 6" HR.S 11# @ 3.65 per cwt. ... 

Seamless Steel 15" @ 63.92 per 100' ... 

2 V 2 " Iron Pipe 9" @ 23.54 per 100' . 

1 Bronze nut ... 

iVz" rd. C.D.S 10# @ 5.04 per cwt. . 


Total 

Labor 

Cut 5 Hr. <g> $ .RO 

Weld 3.6 Hr. @ .80 

Grind I.OHr. @ .55 

Machine Work 3.4 Hr. @ .65 

Ream 1.2Hr. @ .50 

Assembly 1.2 Hr. @ .65 


Total 

Total Cost, Material and Labor 


$ 1 28 
1.76 
.40 
.78 
.17 
.44 
, .70 


5.53 

.$ .40 
. 2 88 
. .55 

. 2.21 
. .60 
. .78 

$ 7.42 
.$12.95 
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(teft to right): Fig. 7. Design gear transmission drive. Fig. 8. Dwslgn |2, gear trans- 
mission drive. Fig. 9. Design #3, geotr transmission drive. Hg. 10. Deidgn gear 

transmission drive. 


A number of drives of this type were built m the period from August 
to December 1940. No appreciable reduction in cost was noted during this 
penod. 

In October 1940 a new design, (See Fig. 10), for the medium size gear 
transmission was decided upon, and became the unit which has been manu^ 
factured from that time to the present. We have been unable to improve 
upon this design, and emphasis has been placed upon an attempt to standardize 
shop procedure. This has met with a measure of success, as can be a^en in a 
cost companson of the first drive of the type and a similar one built in April 
1942. 


Cost Data for Drive No. 1826 (Fig. 10) 

Matenal 


Steel Plate — 

.36# 

@ 

$ 3 65 

per 

cwt 

.. .$ 131 

Seamless Steel Tubing- 

.14" 

@ 

63.92 

per 

100' .... 

76 

2 V 2 " rd CRS 

.20# 

@ 

5.04 

per 

cwt 

1.40 

21/2" Iron Pipe 

. 8" 

@ 

23.54 

per 

100' .... 

,15 

1/2" X 8' Bar 

■ 8# 

@ 

4.75 

per 

cwt 


I/4" Plate 

. 8# 

@ 

4.75 

per 

cwt. .. 


1 Bronze Nut 

@ 

.44 



.44 

Total 






$ 4.82 


Labor 


Cut 

5 Hr. @ i 

i .85 

.42 

Weld 

3 8 Hr. @ 

.85 

.. 3.23 

Grind 

1.0 Hr. @ 

,55 

, „ . ss 

Machine Work 

2.6 Hr. (® 

65 - 

L69 

Ream 

1.0 Hr. @ 

.55 

55 

Assembly 

1.3 Hr. @ 

.65 . 

84 

Total 



$ 7.28 

Total Cost, 

Material and Labor . 

112.10 
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Material 

%/' Plate 

X 6"HR.S 

2^" Pipe 

Seamless Steel Tubing-H"^' @ 

2 V 2 '^' round CDS 20 # @ 

Plate 8# @ 

Yf X 8" Bar 7# @ 


3 65 per cwt 40 

23 54 per 100' 15 

63 92 per 100' 76 

5 04 per cwt L40 

4.75 per cwt 38 

4.75 per cwt 33 


Cost Data for Drive No. 2840 


@ $ 4 60 per cwt $ 161 

@ 

@ 


35# 

11 # 

8 " 


Total $ 5 03 

Labor 


Cut 

? Hr 

@ 

$1 00 

$ .50 

Weld 

.....2.7 Hr. 

@ 

.8? 

2.29 

Grind 

.....1.0 Hr. 

@ 

.55 

............ 55 

Machine Work ... 

1 4 Hr. 

@ 

70 

98 

Ream «... 

8 Hr. 

@ 

.60 

48 

Assembly 

8 Hr. 

@ 

.70 

56 


Total $ 5.36 

Total Cost, Material and LaW .....$10.39 


The decreased labor costs shown m the last example are the result of stand- 
ardiijation of procedure and improvement in jigs and fixtures. 

After the first unit proved a success, a group of detail drawings were 
made showing the exact construction details of the five si 2 ;es of upper assemblies 
built. The drive columns were built in the same fashion as they always had 
been 

Jigs for welding the upper assemblies were soon devised, and they were 
made an quantities of ten instead of individually. Machined pieces were 
turned out in lots of thirty. 

When it became apparent that no further cost reduction could be made in 
tlic upper assembly, attention was turned to the manufacture of columns. 
Twenty standard column designs were laid out. A new jig for building 
columns was made, and a positioner for welding them was devised. 

The jig and positioner deserve mention. The column jig consistH of a 
horizontal bar of cold drawn steel which carries a slide* On the slide is 
mounted a vertical screw with a clamp that holds t}« head piece of the column. 
The head piece can lifted any desired distance by turning a handwheel on 
the screw. A steel rule m provided for measuring off the d»ired height. The 
horizontal steel bar is also provided with a rule which allows the welder to mt 
tlie Jif to the correct length in a moment's time. At the other end of the Jig 
ii another vertical crew winch carriea a flat madbEncd pjate upon which the 
column ba« plates are clamped. This screw » also provided with a rule and 
handwh«l. Center lines are automatically dmtmincd hy gauge bats which 
fit over the length of mid drawn s^ecl 

It Im been found that fit-up time on any column has been reduced by 
approxirimtely If percent by the ujie of this new Jig. The «ving amounts 
to a ««ablc sumt since fit-up takes much kmger than the actual welding. 

More ac«itly» a work f^ionor was completed. An old tilting tumbling 
Imnel was provided wirih t fixture for holding culumns wWch replaced the 
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barrel. A brake was placed on the axis of rotation. The use of this positioner 
cuts welding time by about ten percent, mainly because the welder does not 
need to move the column around on a table and block it up to diiferent 
positions. Experiments are being made at the present time with vertical down 
welding of the column corners, and this may further cut the welding time, 
although the amount will be very small. 

Breakdown of the figures given above shows that the cost of the first trans- 
mission drive was 39 percent more than the cost of the last example given. 
This is hardly a fair comparison, since the first unit employed the use of 
expensive castings and machine work. The most important point to consider 
is that a better looking, cheaper, and more efficient drive was eventually 
worked out, and that in the latest model, arc welding is employed exclusively. 

After the drive type was fro 2 ;en, the comparison of costs in the last two 
examples shows that refinement in procedure has made possible a cost re- 
duction of 14 percent, even though labor costs have risen by 7 percent. 


Fl^of, II. Staadcnfil txcmsmission drive. 
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In the cost accounting system used by this company, engineering time is 
considered as overhead Two different periods were analy2;ed in an effort to 
determine the cost of engineering; the first three months m 1940 and the first 
quarter of 1942. An interesting point was established In each period, the 
cost of engineering was $1.37 per drive unit. On a percentage basis the 
earlier engineering cost was 1.05 per cent of the sales price of the drive, and 
the later cost was 1.02 per cent of the pnce 

This IS a low figure when it is considered that the engineers make new 
drawings or adapt old ones for every drive which enters the shop. The writer 
has been told that engineering expense necessary in the employment of arc 
welding for motor drives is excessive. The experience of this company does not 
confirm this statement. 

An estimate of the total savings effected by this company in the last year 
as a result of the improvements listed above, can easily be made. On the gear 
transmission type drive, (See Fig 11), the savings amount to approximately 
$2242. Savings accruing from the use of improved techniques and designs m 
the manufacture of our other drives are not so large. They have been in 
production for a longer period of time, and the standardi5;ed design types 
have been worked out A 5 per cent reduction in manufactunng costs has 
been offset by the increase in wages. The saving, however, is approximately 
$8000 per year. 

Part Five — Conclusion — ^This paper has attempted to show the benefits 
derived from the use of arc welding in the manufacture of motor drives. The 
conclusions drawn, in order of their appearance m the paper, arc here stated 
as briefly as possible: 

L Important benefits to industry result from the use of motor drives 

a. Machines can be placed to best advantage. 

b. Speeds are corrected, 

c. More power is transmitted. 

d. r^sychological benefits of a cleaner, lighter plant lead to increased 
production. 

The result of these factors is a productive increase of at least twenty per- 
cent per machine. On the assumption that 25,000 machines have been motor- 
ized since 1940, each machine now makes $2,50 per hour. Total cammgs 
elf the motorised machines have been $130,000,000 a year. Twenty percent 
of this total can be ascribed to motonsation, a sum of about $62,800,000, in 
the period from January 1st, 1940 to June 1st, 1942. Arc Welded drives can 
be considered to directly account for 15 per cent of this total. 

2. If all motor drives ust*d by industry were arc welded, the probabilities 
are that production would further be increased, since arc welded drives are 
more efficient. Furthermore, the expense of installing a standardized drive is 
prokibly 25 per cent of the coat of the unit, while the installation expense of 
an arc welded drive if nearer 1 5 percent. This is because the drive is built to 
fit the machine. 

3. This company originaily built drives from cast iron. A saving of 
15 percent in manufacturing costs was made when arc welded steel drives 
repkeed the cast iron types, 

4. The use of cast iron in drive columns is not sound engineering practice. 

a. Cast iron columns must be more bulky since the material is not as 

strong as steel 
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b. Cast iron columns are usually of the wrong cross section, since box 
section columns are difficult and expensive to cast. 

c. The necessity of standardi 2 ;ation to cut pattern costs leads to the 
cast column being inordinately deep and long, which affects its per" 
formance adversely. 

d. Welded steel allows a flexibility not obtainable in cast iron. There" 
fore, drives for machines of any description can be built. 

5. This company recently attempted to devise a cast iron drive with all the 
features of o\ir standard welded steel column. The experiment was un" 
successful. The cast drive, in an effort to make it of good quality, cost 34 per 
cent more than the equivalent steel drive. 

6. If all drive manufacturers were to build drives from welded steel, they 
would realise a saving of 15 to 20 percent a year, if their experience 
were the same as our own. This cannot be stated categorically, however, 
since their costs, due to certain limitations in design, are probably lower than 
our own were. 

7. Manufacturing costs of standard drive unit manufactured by this com" 
pany show a reduction of 39 per cent in the period from January 1st, 1940 to 
May 1st, 1942. The reasons for this reduction: 

a. Improvement in design, with the elimination of castings. 

b. Improvement in manufacturing procedure by means of quantity 
production of standardi 2 ;ed sub"assemblies and the use of better jigs 
and fixtures. 

8. The savings which were realised from the improvements in design and 
construction amount to approximately $2,242 a year for this type of drive. 

9. The total savings due to improvements in design and construction of 
all the products of this company amount to approximately $10,242 in the 
past year. This is proportionately less than the savings recorded in the example 
given, since most of our products have been built for a longer period of time 
and consequently construction procedures were further advanced. 

The major conclusion which may be drawn from this paper is: For Ac 
motorisjation of machine tools, no type of construction yet devised can equal 
the welded steel bracket, in point of view of breadA of application, maximum 
strength, and economy of materials and construction. 



Chapter XX — Welded Steel in Paper-Making Machinery 

By R. S. CONABEE, 

Engineer, Lu\enweld, Inc., Coatesville, Pennsylvania 


Subject Matter: By welding, the surface irregularities of riveting 
and sulDsequent lumping of pulp were eliminated. A welded 
open “G” supporting framework with “kicfcout” blocks per- 
mitted easy replacement of Fourdrinier wire. In welded design, 
suction boxes become integral with beam section of framework, 
thereby adding to strength. These are separately mounted in 
cast iron units. Uniform drying necessary for uniform paper. 
This is successfully accomplished by forming a steam drying 
drum from separate steel sheets welded together — a real welding 
accomplishment. Design could be changed during fabrication in 
a welded unit. Weight and cost data broken down. Savings up 
to 77 and 130 per cent suggested. 


To the welding fabricator, the paper-making trade is a relatively 
uncharted territory. In order to invade this territory, the welding fabricator 
must make himself familiar with the problems confronting the paper maker 
and the paper machine fabricator in order to functionally adapt his weld- 
ments. 

The paper machine tender learns his trade over a long period and is 
inclined to the viewpoint that the difference between good paper and poor 
paper lies entirely in his skill, and that the machine itself is secondary. I do 
not contest this. The situation, however, has hindered the progress of 
the machine parts in keeping with the progress in other fields. An experi- 
enced paper maker said, at the recent meeting of the Technical Association 
of Pulp and Paper Manufacturers, that relatively little progress has been 
made in the science of making and drying paper in the last fifty years. The 
same can be said of the paper machine. 

In this field as in others, there has been an ever increasing demand from 
management for greater production. Existing paper machines have been 
speeded up by the adoption of more modem power plants and drives, and 
by increasing the efficiency or numbers of drying cylinders of the machines. 
The tendency in paper machine manufacturers has been to wider spans and 
higher speeds. With the increase in span and speed, the conventional 
machine structures, especially in regard to materials, are beginning to show 
design limitations. Manufacturers are beginning to turn to steeT in order 
to satisfy the demand for stiffness and strength required in the new machine 
structures. Welded steel, incorporating large siacd predictable structures, 
with a high ^rength to weight ratio, furnishes the best answer to these 
problems. 

Our ccanpany, a welding fabricator, has been for some time producing 
steel dryers mat enabled maorines to step up their drying capacity as machine 
speeds were increased. Recently, having with us a paper machinery and 
paper making expert, we obtained a far-sighted customer willing to take a 
chance on a new d«gn and a new material in an all-welded steel paper 
machine. I was fortunate enough to draw the assignment of designing 
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Hg. 1. Tb« sublect of study. 


the welded steel parts necessary for the machine, (See Figs. I and 1 )» I 
cannot claim that all the design on the welded steel elements is my own« — 
a great portion of it was developed from the best ideas drawn from a number 
thrown in a hat, as most machinery is designed. 

I do not intend to go into the principles of making or welding the paper 
machine parts — enough material can be found in any handbook or drawn 
from the fabricators^ experience for that. At the same time, digressions 
made into the paper making processes may sound like McGuffcy's '"Tirat 
Reader**’ to the paper expert. The principal intention is to demonstrate to 
the welding fabricator that welded steel is admirably suited to the making 
of paper machinery. 

While the primary intention of this paper is to present the advantages 
of welded steel in the paper making field, it will be helpful to go into tlic 
ictual operations in the making and drying of paper in order to understand 
:he job assigned to the welded parts. The operations noted in the subsequent 
paragraph may be traced through the machine by following the lettered 
symbols on the assembly print, Fig, 3. 

Briefly, the machine is of the Fourdrinier type in which the paper stock, 
an extremely dilute suspension, of pulp fibres in water, is directed (A) onto 
a moving fine mesh wire screen, -(B) most of the water passing through the 
screen, depositing a thin film of wet pulp on its surface. The wire puses 
over suction boxes (C), which drag out part of the moisture as it passes 
to the couch rolls (D), where a steam dmm on the upper side of a felt 
picks up the film on the felt surface. Another felt strip is passed up to the 
exposed side of the film and the resulting sandwich squeezed by a press 
roll (E), removing more of the moisture. The film is then plastered up 
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against the first Yankee dryer by a rubber covered roll (F) where it remains 
by itself, the felts returning over a series of rolls where they are sprayed 
to remove any fu2;2; remaining, removing the excess moisture by suction (G) . 

The paper film on the drum is rapidly dried and scraped off at (H) by a 
bronze blade, a process called "'creping”. The paper is now led over the 
secondary dryer (I) on its reverse side where the drying process is com^ 
pleted. On the secondary dryer, the paper is held into close contact by 
means of a tight felt. 

The paper is now led through the calendar (J), an “ironing'” operation 
on a steam drum, thence to the reel (K) and wound on a spool. Processes 
(L) and (M) illustrate unwinding two rolls into one sheet passing over a 
slitter roll, where it is score cut into desired widths, and rewound onto reels. 

The machine is designed to produce a wide range of light papers, among 
which are toilet tissue, napkin stock, facial tissue, light waxing stock, light 
M.G. papers, etc. 

Paper machinery manufacturers will note that the machine is quite 
compact. Many modern machines producing equivalent grades of paper 
occupy from two to three times the space of this machine, and have a 
proportionate increase in the number of parts, drying drums especially, 
required. 

In presenting the adaptation of welded steel to the welding fraternity, it 
will be necessary to go into these processes more thoroughly in order to 
demonstrate the functional design principles involved. 

The Fourdrinier Section — ^The first operation of the Fourdrinier, that of 
directing a stream of paper stock onto the moving wire, is one of the most 
delicate and most important in the whole paper making process. It is essen^ 
tial that this stream be of constant cross section, velocity and consistency 
throughout its entire width in order to insure a sheet of uniform quality and 
caliper. This is evident from the fact that each fiber is compressed and 
dried into paper in its relative position as deposited on the wire. 

The flow spreader designed for this job was constructed in three sections 
plus two end supports in order to facilitate machining. It would be quite 
feasible to fabricate the structure as a unit, but the machining problems 


fig, 2. Table roll irame uuppmM, m steetwmu 
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would be prohibitive Prior to machining, the three flow sections were hot 
dip galvaniijed to prevent corrosion. . - 

Referring to the photograph. (Fig. 1), the stock is pumped into a large 
compartment wKich slows down the flow, permittmg the stock to spread ana 
develop an even pressure head across the entire width of ^ the chest, ana 
hreaMng up any tendency toward ‘‘streaking"’. The velocity is bmlt up again 
as the flow rises through a passage that is gradually restricted in the d^ectmn 
of flow. At the height of its rise, the direction of the flow is changed abruptly 
and directed downward onto the wire. The resulting centrifuge develops a 
turbulence which effectively distributes the paper fibers and insures com^ 
plete and uniform filling of the passage as the stream is directed downward 

onto the wire. - 

The stock passage is entirely unrestricted through its entire length irom 
pump to wire This condition, while ideal from^ the flow standpoint, presents 
structural problems that are best met by a stiff welded steel construction. 
Pressure variation, or surges, tend to belly the nozzle outward, winch ten' 
dency is greatest in the center due to restraint at the end, and since they may 
not be tied together, must he supported independently To this end, twelve 
inch steel pipe is used as a beam over the upper lip and below the lower, and 
connected to their respective lips by nbs. 

Thus they support the plates which form the noxde and offer the most 
effective resistance to the bellying action of the no2;de, since deflection in 
this direction must distort the tube torsionally. The efficacy of this con' 
struction was demonstrated by producing a glasslifce film of gulp on the wire 
without the conventional screw adjustment on the lip, (See photograph, 
Tig 2) ' 

The pipes are welded at their ends to a connecting plate which forms 
the side of the nozzle passage and furnishes a bolting flange to the end 
supports, note “Al" on Fig. 3. which hold the nozzle assembly as a canti' 
lever out over the wire These supports, which also arc shown in Fig. I, are 
simply and inexpensively produced as a single gas cut plate with pads welded 
to the feet to serve as bolting flanges. 

The moving bronze wire screen upon which the paper film is formed, 
is supported at the ends by rolls, on the top by intermediate tabic rolls, and 
tightened underneath by a stretch roll arrangement. 

The rails which support the tabic rolls were constructed of bent channel 
sections which furnish a concealed bolting surface, and braced laterally by 
an “X"’ frame as shown by Fig. 4. Note the inverted section of the 
cross bracing member which allows smooth drainage from dbe wire to the 
collector pans hung from the framing. This is important from the standpoint 
that any shelving or projections allow the pulp fibers to collect and drop 
off in concentrations, resulting in irregular consistencies when recircukteo. 

It would be impossible here to duplicate these sections and In otit' 
ings; and a riveted structure would mvolvc surface irregularities resulting 
in the undesirable pulp concentrations noted previoudy* 

The provision made for changing the wire is toiqut m the weldW 
steel framing. Ordinarily, the rolls carrying the wire are moved out of dbeir 
fmmmg by a complicated auxiliary equipment and held free whfle the ^rc 
is changed. This entails a considerable amount of time m W«lt iui proirfdttiPil 
and mamtaining auxiliaries. 

In the welded steel framing, the tabic roll frame is iuppr^d b^een 
two rectangular open structures, the upper beam of each supporting on its 
outboard side, the end wire rolls, as shown by Figs, 2 and 4* Note frew 
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Fig. 3 that the wire passes through the open center of the supports, totally 
enclosing the upper beams within the wire. 

When operating, the front rail supports and ‘‘‘kick out blocks**’, noted in 
phantom on Fig. 4, are in place, forming a closed and stable frame When 
It IS necessary to change the Fourdrmier wire, these pieces are removed, 
allowmg the wire to be slipped off and replaced over the entire roll assembly 
without obstruction. 

This feature presents design complications that were effectively met by 
welded steel It will be noted that the end reactions of the couch roll, table 
rolls and rails, suction boxes, beanngs and miscellaneous machine parts, are 
supported by what amounts to an open “‘C” frame when the front blocks 
are removed. The total reaction amounts to approximately 9000 pounds, 
distnbuted 7000 pounds to the couch end and 2000 pounds to the breast 
roll end. The end reaction of the couch roll, being outboard of the support, 
imposes an additional torsional moment Neglecting torsion, this structure 
can be compared to a Sj/^-ton ‘‘"C*” frame with an open throat of 155 inches. 

To provide this support, the frame illustrated in Fig, 5 was developed, 
incorporating a box section because of the torsional load. The side plates 
were gas cut from sheared rectangular plates; the top and bottom flanges 
and the throat members were universal mill rolled flats. 

The two flanges and the internal nbs were designed to constitute a rigid 
truss, as shown m the lower left hand comer of Fig. 4, and further rem" 
forced by the side plates as shear members. Stresses were kept low, approxi-* 
mately 4,500 pounds per square inch, in order to have little deflection. 

The flat plate frame shown in Fig, 6 was developed to perform a similar 
function on the breast roll end of the frame. A flat plate is suitable here since 
the torsional moment is negligible and the total reaction at this end compara" 
tively light The economy of such a structure using a single gas cut plate 
as the principal member is apparent. 

Design Comparison of Cast Iron and Steel in the Conch Roll Support, 
(Fig, 5) — ^The following computations for the« welded steel couch support 
have been simplified for a quick comparison with a cast iron frame having 
the same stiffness characteristics within the same space limitations. 
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The deflection is based here on the average beam section loaded as a 
cantilever, neglecting deflection in the throat section and restraint of the rear 
hold down bolts, and weight 
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The actual deflection w<is less than this as might be expected from the use 
of the tapered beam section. 

To continue with the comparison, if the fr.ame were to be made in cast 
iron, neglecting weight as previously, the moment of inertia required would 
he inversely proportional to the clastic modulus involved. 

I - 20,000,000/ 12,000,000 X 1498 3747 "4‘'‘ 

Because of the wire clearances, top and bottom, the same space limits 
must be imposed Then, letting gauge of fl.ingc plate equal IV 2 g^tuge of 
.side plate as in the steel section, the moment of inertia of the required section 
will be as follows; 
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h 
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1 (flanges)- 2(12) X \Vl%) W 2 “ •’7'5g)- 
- 36g (72.24 - - 12.75g -I- ,4624^^) 
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Yn (4920g — 2601 k* -b 4S9g« -- 27g*) 
K20g — 423g* -I- 76. 4.5g'‘ 

Adding the two; I -- 3420g - - R92g* -b 96.74g=' . 4.4^ 

And solving the equation for g, we And that g 


2747 "4'* 
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The resulting section will have webs 1%'inches thick, flanges IV 2 ' ^ 
inches or 2%'inches thick, and will result in the same deflection as the steel 
section with g = V 2 'tnch. 



NOTE: Better grades of gray cast iron have an avmge clastic modulus 
of 15,000,000 Usmg this figure, the comparative cast iron section will have 
l^s'tnch webs and li%8'inch flanges. 

Suction Box — Suction boxes which remove a portion of the free water 
from the moving pulp film are mounted on the Fourdnnier rails. As the 
wire is drawn over the suction box cover, it encounters a series of holes 
through whiA water is forced when a vacuum is produced inside the box. 
The suction box must be quite ngid in order to support this cover in a true 
plane, smce any tendency toward sagging will cause excessive wear of 
wire on the high points and poor contacts on the low portions, resulting 
in a lowered efficiency and a correspondmg wet streak in the paper. 

In the usual method, the suction box is supported by an independent 
beam constructed of rolled sections, riveted sheet brass, cast iron, or wood, 
upon which the suction box of wood or brass is placed. 

In the welded design, the suction box is built integral with the beam 
section and contributes to the stiffness of the structure. The box proper, 
consisting of a bent channel section together with the bolting flanges for 
the suction box cover, forms the upper flange of a beam. Note in Fig. 7 that 
the bent channel has been cut and trimmed so that the section is deeper in 
the center than at the ends, in order that the box will drain properly. To 
this channel is welded a web with a pipe at the bottom which serves as the 
lower flange, as well as to provide a means of exhausting the box and with- 
drawing water from its center. Thus, none of the structure is parasitic, each 
part contributing to the stiffness of the structure as well as its function. 

As a protection against corrosion, the suction boxes were metal sprayed 
with bronze before installation. 


Standard Section — At this point in the design of framing for the machine, 
a section was chosen as a standard that would be moat «tisfactory for the 
machine. This at first seems to be a minor point, but whm it is understood 
that the section chosoi must be used throughout in order that the machine 
will be uniform and pleasing in appearance, that it must be adaptable from 
other design considerations, and riiat it must be capable of economic fabri- 
cation — then the selection assumes major proportions. 

The box girder section chosen, Section AA of Pig. 8. is the most desirable 
for the following reasons: 
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Fig. 5. Couch toll support. 


1, The flat top plate can be used for mounting bearings, brackets and 
other machine elements conveniently, on the center line of the section. 

2, The stiffness can be varied over a wide range to suit design considers' 
tions while preserving the same outward appearance, by web and flange 
gauge variation, number and strength of web stiffeners and varying depths 
of section. 

3, The interior of the section can be conveniently used to house moving 
mechanism as noted subsequently, and to conceal piping and wiring. 

4, The members, including the webs, are accessible for welding by leaving 
the bottom or cover plate off until last. 

5, The corner weld to the cover plate can be touched up with a hand 
grinder to produce the rounded comers desirable for appearance. 

6 , The bottom plate can be made heavy and extended at the sides to form 
a mounting surface and bolting flange as shown in section BB. 

7, The section matched that of the couch frame already discussed, this 
frame being practically dictated by design limitations. 

8, The section, repeated in a number of frames, is plcaang in appearance. 
This item is placed last by the engineer, but first by the prospective customer. 

Framing!— The press frame is a good example of the adaptation of the 
standard section, shown in Fig. 8. The base portion is built as section BB 
and the upright as AA, both with the modified comer indicated. The base 
forms a sturdy support for a heavy chilled iron roll and the upright webs 
are extended to hold heavy plate rings which form the clevis for the pin 
of the upper press roll mounting arm shown in phantom in Fig. 8. This arm, 
incidentally, is gas cut from a single plate and represents a considerable saving 
in time and mcmey over the usual casting proc«Jure. The gas-cut plate wiu 
cost less than the pattern required. 

One of the most important functions of the framework is the proper 
support of the two drying cylinders. The problem here is to support a 
drying cylinder, pictmed in Fig. 9, the press roll, creping mechanism auid 
misedBaneous other equipment such as bearings, air cylinders, totaling no 
small weight in themselves. The framework must also form a closed system 
to cany the reaction of the press roll which was designed to produce a force 
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Tig. 6. Breast roll support 


of 250 pounds per linear inch. — a total force of 36,000 pounds. The whole 
mechanism to be supported rigidly to hold driving vibrations to a minimuni 
in order to produce a uniform sheet of creped paper. 

To perform these functions, the frame shown in Fig. 10 was developea, 
the top surface supporting the main bearing and the actuating cylinder for 
the press roll. Welded into the webs and lower flange of the leg member 
are heavy bosses for the pin of the press roll arm. The shelf in front 
a rigid support for the creping and cleaning doctors for the dryer. The 
wide span of the bottom supports provides a good footing for the dryer 
support, the frame being widened out to include the press mechanism and 
to provide latersil stifFness and mass to absorlo driving vibrations. 

The web and flange structure alone forms a truss'like framework designed 
as such to effectively transmit the load to the foot plates, the whole then 
stiffened by the addition of side plates. 

The dryer supported by these frames might be said to be the heart of 
the machine. The pulp film having been made by the Fourdrinier and 
prepared by squeezing a portion of the free water from it by the press 
section, is still a moist film without strength. It is only when the water 
is properly driven from this film leaving the interlocking fibers, that paper 
is produced. 

Note the statement, “properly driven” etc. This entails a whole study 
in itself, and concerns many variables such as type and weight of paper, 
machine speed, etc., but let it be said here that the porosity or texture of a 
paper is controlled by the rate at which steam is formed and pushed through 
the fibers of the pulp film. It is immediately apparent, therefore, that an 
even surface temperature must be maintained on the surface of the dryer 
over its entire width and circumference. Intetiul temperature can be con- 
trolled accurately by thermostatic dewes, such as is done on this machine, 
but the production of a uniform temperature on the dryer surface is a 
mechanical function of dryer design. Since the rate of heat transfer is 
inversely proportional to the mass of the material, according to Fourier’s law, 
it follows that the prime variable ia the uniformity of shell gauge and density. 

The large diameter dryer, commonly called a “Yankee” in the trade, 
together with the rubber covered press roll, form a second press section. 
This differs from the first press in that the wet pulp is pressed tightly to 
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a hot polished steel surface, giving up six to eight percent of its moisture 
content (approximately twenty percent of the total water removed) m so 
doing — and at the same time assuming a smooth and compact finish Since 
the finish on the paper is produced by that of the dryer, a superior finish 
must be produced on the dryer in order to have a superior finish on the 
paper This pressing action requires a force of approximately two hundred 
and fifty pounds per linear inch, which force must be reacted by the shell 
of the dryer 

The design of the dryer shell, then, boils down to this* It must be 
uniform m gauge and positively non-porous, since any porosity is in effect 
a gauge variation that affects heat transfer, and it must be clean and dense 
enough that a high polish can be applied to its surface by a grinding and 
lapping process 

Because of the inverse ratio between the rate of heat transfer and the 
plate thickness, it follows that the shell should be as thin as possible for the 
greatest efficiency of operation It must be stiff enough, however, to with" 
stand the concentrated linear load induced by the press roll and keep local 
deflection to a minimum In this particular machine, it was determined that 
a gauge of one and one^quarter inches was the most satisfactory for all condi" 
tions. Dryers operating under lesser press loads could have correspondingly 
thinner shells which would allow greater drying rates. 

Steel plates for the dryers on this machine were rolled from selected 
ingots poured from special heats of a high quality particularly clean steel 
The plates were formed on bending rolls to close diametrical tolerances, and 
the planed beveled edges were welded by a process that matched the hardness 
of the weld to that of the plate, the welds being X-rayed as an assurance 
that no porosity here would affect heat transfer 



fig* Wm% mi ttaii tartmjwid to ffoator ot ikun ert mniM. 
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This shell was welded onto an inner shell to which it connects by 
machined end rmgs to preserve its concentricity. These end supports are 
the only connection to the outer shell, hence there is nothing in the area 
on which the paper is dried which would be, m effect, a gauge variation 
and would cause a corresponding temperature drop on the dryer surface 
A degree of flexibility is provided by the arrangement that allows the dryer 
to accurately align itself with the press roll. 

An annular space is provided between the inner and outer shells into 
which the steam is led. Here it condenses, liberating its heat units through 
the shell to the wet pulp. 

The average drying cylinder is nothing much more than a hollow drum 
in which steam cannot condense cffiaently, or rather, rapidly enough for 
efficient drying. Steam carnes with it a certain amount of inert gases which 
budd up in the hollow interior, producing an insulating blanket, unless 
enough live steam is *'bled through’* the dryer to drag the entrapped gases 
with it This air bound effect is much more pronounced m the large 
diameter dryers as might be expected since the volume varies with the 
square of the diameter. 

In the annular space between the two shells of the welded steel dryer, 
steam condenses efficiently since it is impossible for a large band of ga^ 
to form. In addition to this, two removal systems are provided to oontinuaJIy 
draw off the condensate and air, one functioning whan ihe dryer operates 
below critical with the condensate collecting at the bottom, the other above 
critical as the condensate m slung around the dryer forming a band about 
its inner surface. 

It has been customary to allow a considerable crown in a robber covtared 
press roll in order to compensate for unequal expansion rates in the osoiJ 
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dryer between the center and the ends, because of the solid end construction. 
Calculations on a twelve foot diameter dryer show that this difference in 
expansion causes the face to be concave .025''inch which necessitates a 
crown of .050dnch in the press roll for this reason only. Abnormal wearing 
conditions resulting from the rubber being crowded sidewise make it neces^ 
sary to regrind frequently. 

The steel dryer designed for this machine, shown in the rough in Fig. 9, 
incorporates tubular spokes which attach to the comparatively flexible inner 
shell. Any inequality of expansion in heating up, etc. is compensated by 
flexure in this member, allowing the outer shell to maintain its press roll 
alignment. 

An inspection of Fig. 9 will disclose that welding is the only feasible 
means of producing this fabrication. A casting in this form is entirely 
out of the question; and to build it up of smaller components introduces 
prohibitive machining and alignment problems. 

It is in comparison with cast iron dryers that welded steel design shows 
its greatest superiority in the paper machinery field. The same physical laws 
apply to the cast iron dryer . . . density, quality of finish and stiffness directly 
affect the quality of the paper, and the shell thickness and method of 
condensate removal have a direct influence on the effective drying rate 
of the cylinder. 

First of all, in order to design for a certain required stiffness, the lower 
elastic modulus of cast iron results in a thicker shell than is required by a 
‘steel dryer. The average cast iron shell is between two and a half and three 
inches thick, which is determined not only from stiffness considerations, but 
also by the ‘‘Code for Unfired Pressure Vessels” with limitations in steam 
pressure according to the various state laws. 

These factors tending to increase the shell gauge create a vicious circle 
from the standpoint of efficient operation. All other things being equal, a 
greater temperature gradient must be supplied to drive the same amount of 
heat units through a thick shell than a thin one, and conversely,* a onedneh 
shell can transmit twice the heat units than is possible with a two-inch shell. 
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Fig. 10. Main dryw auction. 


It is this premise which accounts for the compactness of the steel 
machine. With the attending higher rate of evaporation on the surface of 
the thinner shelled steel dryers it is possible to do the same amount of 
drying with fewer cylinders than can be done on the regular paper machine. 
For a given production, a space and materials economy can be effected— 
for a given machine, production can be stepped up because of increased 
drying capacity with steel dryers replacing the cast iron. 

There is a distinct difference in the quality of surface between a steel 
and a cast iron dryer. The steel, having been rolled to gauge from an ingot, 
has undergone hot work which reduces and refines the granular structure 
and produces a material capable of taking a high polish. Cast iron, however, 
IS a mechanical composition of graphite particles in iron, and as such is a 
basically porous structure. No amount of polishing will overcome the fact 
that the surface is a composite material instead of a uniform chemical 
composition. 

Because of the greater mass of the cast iron dryer, more power must 
be supplied to accelerate and drive them; and bearings, fmmes and other 
machine elements must have proportionally greater capacity. 

The secondary dryer was mounted in a pit in order that the opposite 
side of the paper could be presented to the dryer surface without interfering 
with the straight-through flow of the paper and at the same time allow a 
maximum arc of contact. The greatest percentage of drying haa taken place 
on the first dryer; the 8econda.ry dryer completes the drying process and 
improves the surface of the paper that was not previously in contact witli 
the d.ryer. The 8€conda,iy dryer is essentially the same as the first and 
needs no further discussion. 

The framing, however, varied since no shelf was provided for creping 
as on the first dryer sund. Scconda,ry pedestals that form a continuatinn 
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of the mounting rails over the dryer bearing were fabricated as separate 
units to facilitate erection. These two stands and pedestals shown in the 
rough in Figs. 11 and 12, follow the same design form as the primary dryer 
pedestals, consisting essentially of the standard section with interior ribs so 
placed as to stiffen the structure, especially at the inner flange comers^ the 
points of greatest stress. 

Flexibility of the Welding Process — During the fabrication of the paper 
machine weldments, a situation arose that demonstrates the flexibility of 
the welding process that was actually taken into consideration in the design 
of the machine. At its inception, the time element did not permit making 
a complete set of working drawings showing each part of the machine in 
its exact relation to the others, according to the best practice. It was neces^ 
sary to begin with a rough draft of the machine showing the principal 
machine elements only in place, such as dryers, press rolls, Fourdrinier rolls, 
felt rolls, calenders, reels, etc., and delineating their respective centerlines 
and clearances. 

With this arrangement drawing, the sub contractors furnishing machine 
elements and the driving mechanism, as well as our shop in its design of the 
welded components, proceeded concurrently toward the production of the 
whole. This was done only to meet delivery schedules which would other 
wise have been impossible. The weldments were ordered into the steel 
immediately as designed in order to expedite this schedule. At all times 
the closest cooperation was maintained between the separate fabricators, but 
it was foreseen that some interference might be encountered which could 
be circumvented by altering existing weldments to suit. This faculty of the 
welding process, then, was utilised to save time. 

After the stands had been fabricated, but before machining, it was found 
that the top surface of one secondary dryer stand had to be extended to 
provide outboard support for a pinion bearing, the two stands having 
previously been similar. 



II. iscMKtef 



994 


STUDIES IN ARC WELDING 



Fig. 12. Pedestal. 


In Fig. 13 tHe process of altering the stand is shown. A part of the end 
slate and one stiffening rib were gas cut away, a new rib extending to the 
extremity of the outboard support was provided, and new side^ plates and 
top plate extensions were cut, ■welded into place and the welds ground 
smooth. The resulting structure showed no signs of the change and was 

apparently designed as such originally. . . . j _ .v i . (r .■> 

This, to the welding fabricator is nothing ncw' it is, in fact, old stufi. 
It is merely included to serve as an example of the flexibility of the process 
in permitting design changes economically, even subsequent to fabrication. 
The designer need not be held down to having every part correct to the 
most minute detail before ordering any of the components. 

With particular reference to the dryer stands, it is questicinahlc whether 
these parts could be produced by castings in the form that they arc shown 
here; but even when redesigned to suit foundry practice, it is apparent that 
the patterns would be quite bulky and complicated, and would, in themselves, 
represent a considerable outlay. No two stands arc alike, so that one could 

not serve for all- t r 

If one frame or series of frames is made to serve for all, then the func' 


tional design of the machine must suffer. _ 

It is also evident that a major design change after the casting ia poured, 
involves scrapping the casting, altering the pattern and producing a new 
casting. It is as an old foundryman said when asked to make a change in 
a casting: “When you pour the mold, brothcr~there it is." 

The only alternative in this case would be to cast a new bracket sepa- 
rately and bolt it in place. As well as being makeshift in appearance, this 
would involve alignment problems at assembly. 


Creping Supports— Certain grades of paper must be creped, or removed 
from the first dryer by a scraping action. The dried film on the paper drum 
encounters a sharp blade which caxiscs the paper fibers to crumble uptm 
themselves, a sort of microscopic accordion action which breaks down the 
paper fibres and produces the soft textures of the tissues as differentfated 
from the hard finish papers. When it is considered that the oamr film 1* 
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approximately one-fifth of the thickness of ordinary typewriter paper, it is 
apparent that the creping blade, or ‘‘doctor”, must be mounted m very 
accurate alignment with respect to the dryer surface 

The doctor blade in itself is a thin sharpened strip of very hard bron 2 ;e 
which is held against the dryer surface by a support which is pivoted 
axially at the ends so that the blade itself can be made to impinge against 
the dryer surface at the proper creping angle by rotating the support, as 
shown in Fig 14. In this case, the reaction necessary for creping is furnished 
by a pneumatic cylinder which applies moment to the support through 
a lever. 

It is the application of welding that concerns us primarily in the design 
of a proper support for this blade. 

Ordinarily, a rolled angle iron is used for this purpose, and is apparently 
stiff and rigid enough to maintain blade alignment However, there is a 
certain amount of mechanical vibration transmitted to the dryer from the 
driving mechanism. In the case of this machine, this effect has been mini- 
mi 2 ;ed by the use of a chain drive; but in most applications, the drive is by 
spur gears, in which case the vibrational amplitude is more pronounced. 

At any rate, the existing vibration is transmitted to the doctor support 
through the blade contact and bearings, and if the natural period of the 
support lies within the lange of variable impulse rates as the machine speed 
IS varied, a state of resonance may be reached that is highly injurious to 
the machine It is possible in many cases to sec the effects of this vibration 
in regular hills and valleys worn on the dryer surface by the doctor. 

The effective method of combating this condition is to produce a doctor 
support w/th a high natural period so that it is entirely out of the range of 
driving mechanism impulse rates. 

This IS best done by using a stiff structure whose ratio of clastic modulus 
to weight is high. When it is considered that the nature of the loading is 
torsion as the blade is rotated up against the drum, the natural selection is a 
tube — Or pipe for economical faoncation. 

The pipe, or tube, should be steel, and should be as large as is possible 
within the space limitations and have a comparatively thin wall, since the 
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rig. 14. Rotating support 


natural period is directly proportional to the square root of the moment of 
inertia and elastic modulus, and inversely as the square root of the weight. 
The support and mounting is shown in Fig. 14. 


{Wishing Section — ^The calender frame, (Sec Fig. 15), is a variation of 
the press frame. Here, advantage is taken of the hollow section to incorpo- 
rate the lever and pneumatic cylinder which loads the upper roll. This 
calender is small in comparison to most, but perfectly adequate for light 
weight papers. 

The reel is a further adaptation of the standard section as is the slitter 
and rewinder. The unwind stand however, is an example of the economic 
use of the flat gas cut plate, the frame being a single plate set on two pads 
which serve as feet and bolting flanges. The bottom is scarfed out to permit 
mounting the roll bearings on the foot plate directly, and although these 
rolls arc a part of the medianism do not mount on the frame. 

As the paper is unrolled from the reels, the diameter is reduced, and 
since the rolls of paper rest directly upon the fixed drums, the centers move 
constantly inward until the cores rest on the driving drums. Tida construc- 
tion requires that the bearing housing slide in guides. Here guides were 
provided by machining gas cut slots in the plate frame. 

A mental comparison can be drawn of the relative cost of this structure 
as built up of a single gas cut plate and two small rectangular pads— and the 
cost of producing similar castings where only two such units are required. 

Cost Data — ^From the viewpoint of the welding fabricator, it would be 
useless to include our finished machine costs or that of the ftmihed wdd- 
ments. The average fabricator is interested only in how much it will cost 
his own shop to produce a certain structure. 
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Actual fabricating costs are completely misleading due to the different 
methods used by various companies in preparing cost data. One company 
may include materials and labor only in its shop costs, to which the manage^ 
ment adds a sum representing a share of the annual overhead, engineering 
costs, etc in order to arrive at the final sales figure. Another company may 
figure each item of its shop costs as containing its share of overhead, to 
which another sum containing engineering cost, profit, etc,, must be added 
in order to reach its figure There will be no comparison, therefore, in the 
cost sheets of the two representative systems under otherwise identical 
conditions 

In addition to which, the cost of labor differs widely from one section 
to another, and to a lesser extent, materials. These factors also tend to 
invalidate shop cost comparisons 

Therefore, in order that the fabricator may compute the cost of building a 
similar paper machine weldment by his own method, the subsequent data 
has been broken down into the most elementary components 

Because of the large number of parts involved, two frame pieces have 
been selected as representative — the couch roll support, Fig 5, and the main 
dryer frame, Fig. 10. 



fig. 11. Cetei^ecr fraot*. 
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Cost Computation Data for Couch Roll Support 


I Material 

A Universal Mill Plate Pounds 

4 pieces 12'^ X Va' totaling 1,815# 1,815 

B V'f' Rectangular sheared plates 

8 pcs totaling 3,103# 3,103 

C Rectangular sheared plates 

6 pcs totaling 263# 263 

D. Gas cut plates (rectangular wts ) 

5 pcs. totaling 778# 778 


E Bars — one 6 X Yz X 9% 
one 6 X y 2 X 5J4 
one 4/2 X y2 X 19 

one 6 X % X 1034 totaling 38 

Total Gross Weight 5,997 

11. Gas Cutting Required on Above Pieces 

A. Cuts through Gauge 

on y 2 ''' plate 35'^ 5" total 

on plate 16'- 0" total 

on 1" plate P'-IO" total 

on 134 ^^ plate 32'- 5" total 

B. Gas Cut Bevels for Welding and Fitting 

X %" 3'- 4" 

%" X 34"' 39'- 4" 

X YicY 2'- 8" 

H^'XVur ll'" 4" 

yi'' X 34"- O'- 5" 

y/'xYur 4'-n" 

y2'' X M" 1'^ 0" 

X 34" 1'' 6" 

X 3'- 0" 

14 " xy/' 2'- 10" 

14" X 14" 3'- 0" 
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III Bending. 

On 1 Universal plate (wt. 420:;!^) 2 bends across 12" width 
On 1 Universal plate (wt 405#) 1 bend across 12" width 
On 2 Sheared plates (wt 110#) 1 bend in each 29" long 


IV Assembly Data 

In all, there were 35 pieces; net weight of all pieces — 4,840# 
Weight of individual large plates. 

Pounds 


Side Plate 887 

Bottom Plate 380 

Bottom Throat Plate 405 

Top Throat Plate 420 

Top Plate 480 

Back Plate 130 

Rear Base Plate 316 

Front Base Plate 86 

Bent Outrigger Plates 110 


V. Welding Data 


Type Length 

Y/' 90 degree 1498'' 

yf 60 degree 358" 

90 degree . . 26" 

54" 60 degree - ...... 30" 

y4^ 60 degree 62" 

Gap Weld, open at bottom, through plate .... .. IS" 

54^' 90 degree automatic machine we!d . , ... ..1336" 


VL Weight of Welding Rod Used— 125# 
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Data for Cost Computation on Stand for Primary Dryer 
L Material 


A. Universal Mill Plate Pounds 

2 pcs. totaling 247# 247 

B. Rectangular sheared plates 

1 pc. @ 36# 36 

C. Y'f^ Rectangular sheared plate 

2 pcs. totaling 2494# 2494 

D. Rectangular sheared plates 

1 pc. @ 33# 33 

E. Gas Cut Plates — ^rectangular weights 

8 pcs. totaling 953# 953 


F Bars Pounds 


Six lYz X Va 

. . 11 

Two 2 Y 2 X 1/2 

4 

One 4 X Yi 

3 

One 6 X % 

50 

One 6 X K - 

21 

One 6 X Ya 

94 

One 6 X Yi 

60 

One 6 V 

12 

255 


4018 

n. Gas Cutting Required on Above Plates 


A. Cuts through gauge 


on Yj" plate 

96'' 10" 

on plate 

3'' 9" 

on 134 ^' plate 

34''10" 

on 1%'' plate 

4'' 4" 

on 234^' plate 

2'' 6" 

Bevels for Welding and Fitting 

Y4"X%«" 

28'' 2" 

VB"xk" 

T' 0" 

W X }if 

1'' 6" 

Va" X W 

O'-IO" 

w'xyie" 

12'' 0" 

YY'XW 

O'' 7" 

%"xy4" 

1'' 4" 


O'' 10" 

wxk" 

O'' 7" 
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III. Bending 

On 1 Universal 8 X plate (wt 204#) 2 bends— 8" Ig. 
On 1 6 X V 2 " bar (wt. 30#) 1 bend 6" Ig. 

On 1 6 X V/' bar (wt 50#) 1 bend 6" Ig. 

On 1 6 X V4' bar (wt 21#) 1 bend 6" Ig. 

IV. Assembly Data 

Total number pieces — 40 
Total net weight— 2595# 

Net weight of individual large plates: 


Pounds 

each 

Side plates 580 

Top plate 300 

Middle bearing plate 130 

Left hand Foot plate 160 

Right hand Foot plate 65 

V. Welding Data 

Type Length 

60 degree 297" 

J4" 90 degree 2698" 

%" 60 degree 18" 

60 degree 19" 

60 degree 6" 

14" 60 degree 16" 


VI. Weight of Welding Rod Used— 105# 


Cost Comparison of Weldments and Cast Iron Parts — ^As a general rule, 
no cost comparisons were made between castings and weldments, but the 
following situation that arose during the defense emergency may serve as a 
guide as to what should be generally true throughout the machine. 

Subsequent to the installation of the machine, a decision was made to 
substitute a new unwinder with a lateral adjustment not originally mcorpo- 
rated in the machine. This change occurred during the height of the 
priorities “putsch” and doubt arose as to whether we could produce these 
parts ourselves because of a jammed shop; consequently we had inquiries 
sent out to local concerns to supply castings for the frame parts, in case the 
emergency arose. Combining the best rough casting prices and machining 
pncc8,_ we found that the total cost of the machined cast iron frame parts, 
including patterns, was $1,013 for the two sets of stands required. The total 
cost of the two sets of welded stands, completely machined, came to $571,301 
In other words, the cost increase of cast frames was 77 per cent based 
on the cost of the welded frames. When it is considered that the cost of 
machining — approximately $233 — safely assumed to be the ramc in both 
cases, Is removed from with, the percentage of saving becomes even more 
apparent. 

In this case the rough castings cost $780 including patterns, and the rough 
weldments $338.40. The difference (or saving) $441.60 represents an in- 
crease of 130 per cent over the weldment cost. 
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It should be stated here that the cost comparison is valid, in that our 
weldment figures include overhead, burden percentages, salesman s per- 
centage and our usual percentage of profit, in addition to actual shop costs, 
together with an outside machining price. 

I admit freely, to be fair, that such high percentages of savings are 
not always possible. In this instance, six separate patterns were required 
that were none too simple, and it was possible in the welded design to use 
a number of parts cut from bar stock incorporating a minimum of gas cut 
plates. On the other hand, this was done ‘at no sacrifice in appearance; the 
welded structure has the same external appearance as the cast would have 
had, even to smooth welding fillets used where the pattern maker would 
provide radii in the corners; and the use of bars or other rolled shapes is cer^ 
tainly the welding designer s prerogative. 

Conclusion — ^Welded steel is particularly suited to the paper machine for 
the following principal reasons: 

1. Its high strength to weight ratio makes possible the design of lighter 
and stronger framing than previous practice. Members designed for a mini- 
mum of deflection can be more easily attained with less material by the 
welded steel process. 

2. Machine elements can be made in one piece by the welded process, 
hitherto impossible in castings. 

3. Greater efficiencies and space economies can be obtained by the greater 
heat transfer properties of the thinner but stronger steel dryer shells. 

4. It is possible to obtain a better finish on the steel dryer than possible on 
cast iron, and therefore a better finish on the paper. 

5. In units designed for high natural vibration periods, there is an 
advantage in the higher elastic modulus-weight property of steel 

6. Advantage can be taken of the fact that changes can be made to 
welded steel during and subsequent to manufacture in order to effect econo" 
mies of time, material and expenditure, 

7. Paper machines are largely a ''one-shot’' product—it is a rare occur- 
rence when two are built alike. Welded steel, then, eliminates the expendi- 
ture for patterns that must be absorbed in the cost of one or two castiiigs. 

All in all, the paper machinery field is a relatively dark contincnit, invit- 
ing exploration and missionary work of the welding fabricator. 



Chapter XXI — ^Welding Jaw Crusher Bases 
By Ralph W. Heer and William A. Eckley, 

Assistant Chief Engineer and Designer, respectively, Pioneer Engineering Wor\s, Inc,, 

Minneapolis, Minnesota 


Subject Matter; The multiple advantages 
gained by welding jaw crusher bases. Since 
the function of the machine is to crush 
rocks by jaw action, it is necessary to have 
great strength in the base. Older ’ desipfns 
were of ribbed cast design. The added 
strength of box design was observed, 
found difficult for casting but was used in 
the welded base. The result was a stronger, 
lighter, and betterdooking base. Expe- 
rience in welding technique resulted in 
the reduction of $104 from the cost of 
the first unit ($399). A table showing 
both the actual and percentage savings in 
weight and cost of the complete line of 
Ralph W. Hwr machines is included. Weight savings William A. Eckley 

range from 15% to 30% without loss in 
strength and cost savings ranged from 
11% to 35%. 




Multiple Advantages Gained by Welding Jaw Crusher Bases — ^The 
jaw crusher, (See Fig. 1), is a machine used to reduce rocks and ore by 
mechanical means. Essentially, it consists of a pitman, shown in Fig. 2, 
which is hung on an overhead eccentric shaft in a box'shaped crusher base. 
A circular motion is imparted to the upper end of the pitman by rotating 
the eccentric shaft, which in turn is converted to an oscillating forward 
and backward motion on the lower end of the pitman by the toggle plate. 
The toggle plate controls the length and direction of the motion of the 
pitman toward the base and the width of the opening between the pitman 
and the base by adjusting the toggle seat in the base relative to the toggle 
bearing scat in the pitman. Also, adjustment is made by changing the 
length of the toggle. On the side of the pitman, facing the open end of the 
base, and on the inside of the base facing the pitman, between which the 
rock crushing is done, are replaceable cruSier Jaws which arc usually made 
of manganese steel Other main parts of the crusher are the tension rod 
and spring which hold the pitman against the toggle plate, the adjusting 
mechanism, and the flywheels which store energy to tmnsmit to the eccentric 
shaft during the crushing stroke. 

In actual operation, rocb are fed between the jaws of the pitman and the 
base. The eccentric shaft ro-tates, cmmng the pitman first to open away from 
the base, fordng the rocks deeper into the crusher by a combination of 
crowding action and gravity peculiar to this type crusher. Further turning 
of the eccentric shaft moves the pitman against the rocks with such force 
that they a« crushed. On the next opening of the crusher, the crushed 
rock falk down on through the crusher jaws and larger rocks from the 
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Fig. I, Welded base. 


top replace them. This cycle of operation occurs at about 250 revolutions 
per minute for most antifriction bearing jaw crushers. The upper section 
between the pitman and the base does the crushing of the large rocks 
directly from the eccentric shaft motion, while the enormous farces required 
to crush the smaller rocks are obtained at the bottom by the toggle action 
of this crusher. 



4 ft 

- 1/ 

JAWS- 


ADJUSTING 

MECHAHiSM 




roosce PLATS 


Fig. X MbncECL 





1006 


STUDIES IN ARC WELDINC 


From^ inspection of the above operation, it can be seen that both ends 
of the crusher base must be able to stand the forces of crushing the rock 
in beam action with repeated loading while the sides of the base which hold 
the outer eccentric shaft bearings must withstand plain tension, with re^ 
peated loadmg hori2;ontally, and reversible tension and compression ver^ 
tically There may also be a bending in the sides if the ends of the base 
deflect too much, in which case, the sides breathe The corner sections as 
well as all other sections must stand large shearing stresses which are in 
most cases caused by repeated loading, but which in some cases pass 
through a complete reversal of loading. With these stresses in mind, the 
authors bring the evolution of the jaw crusher base from its original cast 
design to its present modern welded design 

For a number of years, jaw crushers were built with an inner wall re^ 
enforced by hon2;ontal ribs running completely around the base. These ribs 
were stifFened by vertical nbs. A typical cross section using this construction 
is shown in Fig 3. However, this type of construction is not as strong as a 
box section. Fig. 4, of equivalent weight, so in 1938, the possibility of building 
a box section cast base was investigated. It was found possible to reduce the 
weight quite materially and still maintain the same strength of base. The 
appearance was also greatly improved because of the smooth outer walls. 
This proposed base is shown in Fig. 5. With thin inner and outer walls, the 
accurate alignment of cores is absolutely essential, but difEcult to attain in 
practice. Removal of cores presented another difficulty. Because of these 
difficulties involved in coring, the idea was deemed not practical and dropped. 

In November, 1939, the box section crusher base was again considered, 
but this time with built up welded construction. A crusher base was built 
in the 10 inch x 24 inch si 2 ;e in January 1940, and is shown m Fig 6. This 
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Fig, 6. Front view oi first welded base. 

crusher was built in the following manner- each of the 4 sides had its horizontal 
and vertical ribs welded in place. The two side plates each had a beanng hous*- 
ing support casting welded in place. This casting is shown in Fig. 7. The 
four sides were then assembled and welded together. The outer plates were 
then welded around the entire base. On the first crusher base, three outer 
plates for each side were used to facilitate welding to the inner ribs. Later, 
single, full sized plates were used with punched holes m rows lining up with 
the inner ribs The ribs could then be plug welded to the outer plates with 
considerable saving in welding time and material. This type of construction 
has proven to be very satisfactory, and the entire line of jaw crushers from the 
smallest to the largest were redesigned for box section welded bases. 
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Fig. 8. Rear tI«w oi fini welded bene. 


In order to show the advantages resulting from a welded box section base, 
the two following examples may be cited. 

Calculations for the section modulus of the end against which the station-* 
ary jaw bears have been made for the 24dnch x 36dnch cast base, 24dnch 
X Sddneh welded base, 9dnch x ISdnch cast base, and the 9dnch x ISdnch 
welded base. The comparison is as follows: 

918 Crudher. 


Section Modulus Weight Ratio Sect, Modulus Ratio 

Cast Base 39.r 100% 100% 

Welded Base J2.0 41% 82% 

2436 Crusher. 

Type Section Modulus Weight Ratio Sect. Modulus Ratio 

Cast Base 163. 100% 100% 

Welded Base .... 359. 71% 200% 


The box section used on the 24'inch x 36'inch crusher increased the 
section modulus 120% with a 29% decrease in weight for this part of the 
crusher base. On the 9'inch x 18'inch crusher, the section modulus was de- 
creased 18%, but the weight was reduced 59%. In this case, the cast base 
was considered to be stronger than necessary. 

The cost of the first welded base crusher built was $399 or $104 
higher than the present cost for a lOdnch x 24-inch welded base crusher, 
(Fig. 8). Inexperience, warping due to excessive concentrated strips of weld- 
ing, ^tra labor, and material costa for excessive welding, stress annealing and 
sand blasting contributed to high costs on the first welded base. Plug welding 
of outer platen Aown in Fig. 9, to inside ribs and reduction of site of weld 
faetweoi ribs and inner plates eliminated most of the warpage and reduced 
material and labor costs. Since the first machine, no bases have been annealed 
for stress relief or sand blasted. 

A tabulation has been made to show comparative: weight and cost figures 
for the <2st and welded base crusher now being made. Since the 30-mch x 42- 
welded base, Figs. 10 and II, is a new size, no comparison can be made. 
The 24'mch x 36'inch welded base has been designed but never built, so no 
oosti are availdbk. 


CcHQpatative W^ht and Cost — Cast and Welded Jaw Crusher Base. 
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•Dim* same made during die firrt fiscal year that welded crusher bases were made from October 1 1940 to September 30, 1941 amounted 
to $2,62?. This figure is low because we had not made a comply changeover to welded bases. A complete changeover based on the same 
ttombw of sato would haw pvcn us a saving of about $17,000. One order we now have for ten SOonch X 42<inch crushers welding will 
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Fig. 9. Front and side view of 10 x 16 welded base. 


It is apparent from the preceding table that certain very definite advantages 
are obtained with a welded crusher base of box section construction. Weight 
can be cut 15% to 30% with no decrease in strength. This is a decided ad-* 
vantage in the building of portable rock crushing machinery. With the 
tendency for building larger and heavier plants to increase production of 
crushed rock and gravel on the one hand, and more drastic limitations on 
highway loading on the other hand, weight reduction with no sacrifice^ in 
performance becomes imperative. Weight reduction is of the greatest practical 
importance both in reducing the cost of the crusher itself, and also in reduc^ 
ing the cost of the truck upon which it is mounted, by using lighter frames, 
axles, tires, etc. 

Since the 30dnch x 42dnch welded base crusher is a new sis;c, no direct 
comparison can be made. However, by making a comparison with the 24-'inch 
X 36dnch cast base crusher, some idea of the weight and cost savings may be 
derived. The 30dnch x 42dnch crusher is capable of doing 50% more cruslv 
ing per hour than the 24-'inch x Sddneh crusher, but the 30dnch x 42 “inch 
welded base weighs only 2235 pounds more than the 24rinch x 36dnch cast 
base, or an increase in weight of 18%, The cost of the 30rinch x 42rinch 
welded base is $38 cheaper than the 24-inch x 36dnch cast base, or a saving 
in cost of 21 / 2 %. 

Greater economies in cost undoubtedly could be made by using welding 
jigs in fabricating these welded bases. WiA so many different siaes of cnishc^r 
bases, and only small production for any one siae, welding jigs do not mm\ to 
be necessary at this time. Jigs for positioning have been made to take all sizes 
and these have been responsible for saving time as well as producing fcetter 
welds. 

By the use of welding, a much neater Icxiking crusher is possible, a com- 
parison of which is shown in Fig. 12. Walls of uniform thicknew of 
homogeneous material arc attained only by welding steel plates together. 
Former sloppy appearance caused by Mow holes, core shifting and rough sur^ 
faces is no longer present in welded construction. A much better mint Job k 
|X5MiWe on welded steel plates than on rough steel castings. This doign 
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Tig. 10. Hear view oi 30 x 42 welded base. 



mg. H. view ol ao X 42 weWe4 bowe craebe*. 
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Fig, 12. Comparison of first welded crusher base with cast base, 

meets the present day demand for smoother outward appearance, coupled 
with simplicity. (Compare Figs. 13 and 14). 

Another saving is the elimination of pattern costs which vary from $650 
to $2500. Modification of design after the pattern has been made, with result'* 
ing pattern changes further add to the cost. Time is lost in the time required 
for making the patterns and also when changes in the pattern must be made. 
Patterns must be kept in repair or poor castings will result. 

The break down of our labor costs tabulations which contained the cost of 
structural welding and machining could not readily be obtained. It was 
found from machine shop records Siat the saving in machining time was from 
20% to 25%. This ssLving results from the fact that welded structures do 
not include the hard slag, sand, and chilled spots found in steel castings. The 
sand and slag inclusions are especially bothersome because tibey increase the 
tool grinding time, decrease the tool life, and in many cases, make it necessary 
to spend as high as four hours on a base casting chipping out sand and scale 
inclusions before machining can be accomplished. The fact that cast bases 
require many intricate cores which often are not set properly by the fouitdry, 
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or because the cores shift during the pouring, also add a difficult problem 
to machining a cast base. The shifting sometimes steals the material on one 
side, leaving too little stock for machining while on the other side, the amount 
of stock which has to be removed is more than is economically practical 
Further difficulties encountered in the cast steel base not found in the welded 
base are the appearance of blow holes which must be welded up during 
machining operations. Also, glass hard chill spots which break down the 
cutting edge of the tool must be chipped out. Foundry sand and grit falling 
off the casting on to the ways and working parts of the planer cause pre- 
mature wear of the machine. 



F!g« Il« SIdt cmd front irlow fiiowing of itfllng with woldod oonnilticdoii* 


Up to the present, we have been more or less comparing only the rela^* 
tive merits and costs of the cast base and welded base. However, in producing 
die welded base jaw crusher, wc found many production advantages that 
added to the initial savings made in the new design. One noticeable advantage 
was that holes which previously were cored and very often were not accurately 
located came where they were intended in the welded base, cutting down the 
fitting time during assembly. The sides of the welded base were smoother 
sund came more symmetrical which reduced the amount of humming in locate 
ing the removable Jaws, 

In lcK)king back on the development of the boac 8«tion welded sted l»se, 
it will be n<^c«! that it hm takm place in a relatively short space of time. 
The fiiift tw* was built in January, 1940, and put through its paces for^six 
memtibs df ictual operation in the field to show up any weaknesses that might 
develop. Proving «*tMactory in every respect^ it was decided to rededgn 
the lOrinch t Sfidneh base for welded construction. This crusher also proved 
to 'be lattMactory so all mm of cast bases were redstigned for welding and a 
new larger crusher, the SO^inch x 42^fech, was given a welded base. 
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In this paper, we have stressed the advantages of the box sections in the 
welded base crushers very much because we believe that welding gave the 
only practical means of using this design. In the past our competitors have 
made welded base jaw crushers, but in all cases brought to our attention, they 
merely copied the old T section design of the cast base, substituting steel plate 
and welded metal for the casting. This design, we believe, is better than the 
cast base, but does not take full advantage of the welding possibilities. 

Reduction of weight, decreased cost of manufacture, and all the other ad^ 
vantages mentioned before, have brought the welded base into actuality. The 
increasing number of satisfied customers is proving the superiority of welding 
for the fabrication of crusher bases. 



Chapter XXII — Arc Welding Applied to Waxing Machine 


By Joe Baxter, Jr. 

Sales Engineer, Shartle Brothers Machine Co., Middletown, Ohio 



Joe Baxter, Jr. 


Subject Matter; Arc welding as a development tool applied to 
paper^waxing machine. The history of reasons for turning to 
arc welding is given first. The design was stimulated by a 
customer who wanted a ‘‘prettier’’ and “faster” machine. The 
streamlined model appeared in 10 weeks as a result of arc 
welded construction. Cast iron construction and arc weld con^ 
striiction are compared as to: (1), mamhours; (2), material 
costs (approximately 29% more for cast iron construction); (3), 
time for delivery (16 weeks for cast iron, 10 weeks for arc 
welding). Speed of paper through machine increased from the 
usual VOOTeet per minute to from 900'- to 1,200'feet per min^ 
utc. Author emphasmes arc welding as a development tool. 


“Arc welding as a development tool” was chosen as part of the title of 
this paper for one very outstanding reason. It proved to be the one means 
by which we could capture the enthusiasm of a customer and translate it 
into a functioning unit in the brief span of ten weeks. The lessons learned 
in doing so may well prove the salvation of any manufacturer who finds 
that they occupy much the same position we did in March, 1940. 

Established at the turn of the century, our company had invested in 
ample foundry equipment to meet the requirements of a line of cast iron 
products. As new products were added to the line, the foundry was always 
foremost in consideration, with the result, that when welding finally broke into 
our shop, it did so hindered by this statement, “Use it for new stuff, where 
only one unit is required, but where several units are indicated over a periodl 
of a year or two, make patterns’'. 

Inasmuch as ours was a “specialty” shop in a sense, our welding depart-^ 
meat continued to expand, based on new stuff only. There was' no conscious 
effort to redesign the old line of equipment to welded construction. That is, 
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until we received a phone call from one of our customers. Have your reprc' 
sentative call in regard to a waxing machme.” 

In 1936, we had purchased the good'will and equipment of a small con- 
cern whose mam item had been a waxing machine. And, from 1936 to March, 
1940, we had sold exactly two machines from those patterns. The renovating 
of the patterns to a usable condition, and sales’ overhead involved, showed 
a nice loss and as a consequence, we were not overly enthused when the phone 
call informed us of a potential customer. 

“I want the best looking waxing machine on the market," was our cus- 
tomer’s greeting. That’s easy, we thought, as we laid photo. Fig. 1, in front of 
him And, we weren’t kidding ourselves at all. It was the best looking waxing 
machine on the market — at that time! 

“Listen,” he said, “I make wax paper for bakers. They insist on cleanliness 
in the bakery busmess. I want a machine that’ll be prettier than any bakery 
equipment in the country— that I can bring a baker into my plant and say, 
‘see how I make my paper!’ And I want that machine to be marc efBcicnt, 
and run faster than a wax machine has ever run before,” 

“How fast?” we asked. 

“1000 feet per minute, 72'inches wide.” 

We had our specifications. Overnight, we made a free-hand sketch of 
such a “dream” machine, (Sec drawing. Fig. 2), figured the cost, and laid 
both before him the next day, with a somewhat apologetic attitude and the 
stipulation that “In order to meet delivery, we must weld it.” (Then too, only 
one machine was involved). 

“OK, go ahead.” 

A 12-hour ride returning on the train, gave us sufiScient time to sketch 
each detail, so that engineering could be started at <Mice. 

Ten weeks later, we took photo. Fig. 3 — from approximately the same 
angle we had drawn the original sketch. “Open hofltse”, brought: wax paper 
manufacturers who were not at all reticent in expresting thrir approval, and 
within six weeks $54,000 m sales further attested to tiw changes made. 
Furthermore, a nominaJ profit had been rtalized, and we were all set to pro- 
duce arc welded waxers by-thc-doacn when the foundry again made itself 
known. 
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Fig- 3. Oirerhead view. 


So otjtr welded machine was dissected to give balance to the shop,, and 
foundry. Patterns were made, precedent was satisfied, and a loss sustained. 

By this simple return to castdron construction, we had a chance to actually 
evaluate ''welded vs. cast-iron” construction in terms of cost, appearance, and 
time required to complete. A brief study of comparative design and cost will 
definitely show the value of ^‘'arc welding as a development tool”. 

Arc welding allowed us full expression by being able to cast aside any 
inhibitions or restrictions ordinarily imposed by the use of cast-iron. 

Consequently, a layout of operating component parts was made without 
regard to methods of construction, but with emphasis on convenience and 
operating efficiency. Around this layout, arc welding principles were ajpplied 
to give supporting structure and to position operating units in proper relation 
to each other. 

The waxing machine shown on drawing, Fig. 2, reading from upper right 
comer to lower left comer, consists of: 

(1) Unwind stand, on which roll of paper to be waxed is placed. 

(2) Guide roll, over which s^ieet passes for alignment in machine* 

(3) Dip roll, adjusted vertically for aabmerging sheet for required dwell 

in wax, . . ^ . 

(4) Squeeze roll section, consisting of bottom chilled iron roll, and rubber 
covered top roll, micromatically adjusted for determining quantity of wax to 
be applied* 

(5) Steam jacketed wax pan for melting and containing the molten wax. 

(6) A water finish attachment for -chilling the molten wax quickly by 
means of refrigerated water, and then removing small adherent beads of 
moisture. 

(7) Rewind stand, for reeling waxed paper Imck into rolliorm for further 
handling* 

(8) Drive, for synchronizing rwpectfve parts- with each other and applying 

mc^ive power. 
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Fig. 4. Anolher view horn above. 


Each part can be clearly seen in photo. Fig. 4. Photo, Fig. 5 is a ^oseup 
of the unwind stand. A frictional brake is built into the housing at tFe jeft 
for maintaining proper tension in the sheet. Note that the stands are welded, 
with separate closure strip to complete the box section after stands are tolted 
to the floor. The stands were contour-sawed, corners formed on a brake , 


with a single weld down each edge. 

The friction band was of welded construction and controlled by hand- 
wheels as shown. The grill expels heated air thru the Action pulley, while 
cool air is admitted from floor level thru louvres. The stands were of 
%-inch steel, the housing of J4'inch steel. 

The main frames, (Sec Photo, Fig. 6) were contour-sawed from /^-inch 
plate with comers broken by bending press. Where corners met, welding 
rod was filled in to build up contour. This produced a hollow frame with 
ample cavity to accommodate counterweight for dip roll. CountCTOCight was 
welded to a piece of oil chain passing over a roller sheave housed in locking 


ui. 

The two side frames were spaced by means of cross-ties made of fi-inch 
H-beam having a steel plate at the ends which were turned to form male 
centering bosses that mated with drilled holes in the side frames.^ This con^ 
struction gave extreme rigidity, and provided a means of anchoring to floor 
with no anchor bolts showing when installed. These same cross^tics supported 
the wax pan. Thru this construction it is no longer ncccmuty to dismantle 
the machine for shipment. 

Styling was in harmony with the straight lines of the welded construction. 
All levers terminated in plastic balls, and handwheels were of plate design* 
resulting in a clean cut design, whose theme was paced by the neat lines of 
the welded construction. To conceal actual mechanism of top roll adjust' 
ment, boxed closures of J4"i^<=h steel were contour^sawed and welded. 


The war tanlc was formed on brake, and fitted with labyrinth steam 
chamber. Over this structure, magnesia insulation was applied and cnca«d 
permanently wnth Kednch steel cover welded In place. This was, to our 
knowledge, the first such war tank insulated as a part of its mitlaf fabricE'' 
tion. 


The water finish attachment wm mmilarly constructed. Here welded plates 
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gave classic lines. The snap^cover on front and back had a plastic ball handle 
on welded stud, and being made of J/g-inch sheet steel, they had spring steel 
clips welded to them without being apparent on the exterior surface. 

The space between wax pan and the water finish tank was closed by welded 
sheet steel closures. Valves for control of incoming water were thus con-' 
veniently located and protected. On old machines, this space is a messy 
collection of broken paper and spilled wax. 

There are four exit pipes for the warm water on the left wall of the tank. 
These are piped together and completely skirted with welded steel cover. 

Splash cover overhead is galvanisjed steel welded to pipe fittings for return^ 
ing water thrown off by centrifugal force as paper passes over top roll. 

The rewind stands were constructed similarly to the unwind stands. 

The drives were completely enclosed with welded steel housings, thus 
insuring safety to the operators. 



5* Wosctn? mocmso unudsd •ladL 


From the photos it is quite apparent that appearance has been definitely 
stepped up— that redistribution of weight has resulted in greater rigidity, 
with the result, that where 700'''fe€t p€x minute was considered tops for a 
cast-iron machine, the welded machine has run experimentally at 1500-feet 
per minute and operates consistently at speeds of 900" to 1200-fcet per minute, 
depending upon the grades of paper being run. 

Had it not been for the foundry, the complete machine would have con- 
tinued to be made of arc welded construction. However to meet this demand, 
the unwind and rewind stands, the frames of waxer and water finish attach- 
ment, and the caps over the bearing sHdes on the waxer, were made of cast 
irem. 

The patterns » involved, required $400 worth of materials and 825 man- 
hours, plus a six- week delay for castings to come from foundry. 
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These are actually the records of two similar machines with the cast iron 
substitutions above mentioned. 

Manhours 

Arc welded construction 2150 

Castdron construction- 2143 

7 manhours saved by cast iron. 

Material Costs 

Castdron construction $4340.62 

Arc welded construction — 3844.89 


495.73 

Plus Yq pattern cost 550.00 



1045.73 material cost saved by arc welding 

Elapsed Time from Order Received to Delivery 


Castdron construction 16 weeks 

Arc welded construction —TO weeks 


6 

The above is a competitive comparison, and does not take into consideration 
the loss of one frame through inaccurate drilling, that could not be salvaged 
as could a steel frame by plugging holes with weld metal and reddlling. 

Hence material cost was approximately 29 per cent more in castdron 
construction, and hours about balanced out. 

The lessons learned from the waxing machine are now being 'applied to 
other products of our manufacture. Having used arc welding as a develops 
ment tool and found it not wanting, we no longer fear the new, but design 
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boldly for the need at hand, then apply arc welded construction, of the right 
proportions, eliminating as many machining operations as possible. Thus we 
get massive clean cut proportions, with a minimum of curves and angular 
lines. 

We have demonstrated to our own satisfaction that when arc welding 
is used as a development tool, it is possible to retire the first cost, and — at a 
profit. 

So much of the value of such a project is intangible. In our case, we im^ 
mediately realisjed sales 200 per cent of normal. We gained prestige through- 
out the trade conservatively estimated at $500,000, since the success of our 
first machine reflected favorably on other items in our line. We gained 
confidence in our ability to cope with those customers who want something 
‘'a little bit special”. 

The waxing machine market as such, is a relatively small one, with ten 
machines per year distributed to all manufacturers being the maximum, so 
from a strictly monetary point of view the redesign of this machine was of 
relatively little importance. But aside from its monetary value to the machine 
builder, the redesign is important to the purchaser, since he can, through its 
use, produce from 30 to 50 per cent more paper at practically the same initial 
cost as formerly. Being of steel construction his maintenance and replacement 
cost over a period of years will be less and wax papers to bakers will naturally 
reflect the towered cost of production, with the result that the effects of the 
redesign of this machine will appear on the breakfast table of 130,000,000 
well fed Americans. Waxed paper not only protects their food, but enhances 
its appearance. If a loaf of bread looks good, the chances are — ^it will taste 
good too! 



Chapter XXIII— Tractor Transmission Case and Frame Assembly 

By Walter J. Brooking, 

Director of 'Testing and Research, R. G. LeTourneau, Inc., Peoria, III. 


Subject Matter: The design, construction, features and cost of 
making an arc welded wheel^type tractor transmission case and 
frame assembly. The use of arc welding made possible a whcch 
type tractor which had good power, speed manenver«^ihty, 
ground bearing, ruggedness, load carrying capacity, and low 
initial and maintenance cost. The design allows 40 per cent of 
the load weight and part of the drawn units weight to be on 
the driving wheels. Low-'alloy high''Strength steel assembled by 
arc welding resulted in a large decrease in weight and S0% 
decrease in cost as compared to similar cast steel design, Gon^ 
struction details include control of weld si 2 ;es, costs, and correct 
materials. 


The story of man^s rise from primitive savagery is primarily 0110 of his 
development and use of better tools. The amount of physical energy which 
modern man can spend each day in solving his problems of living is probably 
little different than his primitive ancestors had. The improvement in the way 
of living of modern man over that of his primitive ancestors is primarily a 
difference in the tools which he uses to multiply the energy he uses each day* 
From time to time in his rise from savagery, man has developed a new tool 
or process which embodies some inherent economy of his energy, and of the 
materials available for his use. Occasionally a new tool or process iitvolves 
such great savings of labor and material that in a comparatively short time, 
large parts of the then existing indusfry are considerably changed* 

Such a tool is arc welding* 

The arc welding process was originally experimented with by mechanics 
and engineers as a repair and maintenance tool. Very early in its use the 
inherent economies in the use of material and labor, together with the ad" 
vantages of strength, function, and freedom of design compelled the most 
progressive mechanics and designers to use this new tool in the manufacture of 
the machines and equipment for the needs of modern society. 

There are two important steps in the realization of the full measure of 
economy made possible by the development and use of the new tcxil-^-arc 
welding. The first of these is either the redesign of some already existing 
machine or piece of equipment using arc welding to replace some convcntkaia! 
method of manufacturing the same equipment, or the designing of a related 
piece of machinery or equipment as a new model employing the arc welded 
design* This first step represents the exploratory steps from the older coiu 
ventional methods to the new method embodying new materials, new processes 
and greater freedom of design. The second fundamental source of economy, 
and therefore progress, in the use of arc welded design is tkit of improving 
the original design of the arc welded machine or equipment. 

The importance of this second step— that of improving the original arc 
welded desigii^- is one which results in very important improvements in the 
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Fig. 1. Original model ol wheel-type tractor. 


function of the machine or equipment and equally important economy in its 
manufacture simply because man profits most from his experience. In taking 
the first step from the older, conventional method of making the machine or 
equipment, the designer and manufacturer extends his past experience and his 
past training into his new machine incorporating the most obvious advantages 
of the new process. 

After he has made this first step, and has had a chance to build the machine 
or piece of equipment and see it operate, the experience gained and the ob- 
servations which he can make open to his mind other important changes 
which he could make in his first welded design which would allow him to 
further use the fundamental advantages of the process to make a more effective 
machine or piece of equipment; or to make it more economically; or both. 

By describing an example of a machine embodying many conventional 
mechanical principles by the arc welded method, the author will describe. 
First: how very important economies were realized by first producing the 
machine by arc welding rather than using the conventional methods of manu- 
facturing such a machine; md second, the further important economy in 
manufacture and the advantages of design brought about by improving the 
first arc welded design and manufacturing it under the best controlled methods 
learned by the experience of building and marketing the first arc welded 
machine. 

WheehType Tractor Transm.ission Case and Frame— In developing 
machines to meet the modern requirements for heavy carthmoving, a. .unit 
was needed which would more economically move large quantities of earth 
over distances ranging from 1000-feel -to- several thousand feet. The require- 
ments of such a machine included: 

1. Power comparable to that of a track type tractor. 

2. Speed comparable to that of a large capacity truck. 

3. Maneuverability equal to or greater than any unit used for the^ same 
purpose on the market 

4. A design in which the source of power in the unit and the man power 
operating it could l» used more eoonomtcally, especially in the loading and 
unloading of the unit~more nearly self-loading and self-unloading. 
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5. A ground bearing and propelling design which could witl^tand the 
speeds att^ablc by trucks and which would not destroy roadways by cutting 
them up with heavy grousers. 

6. The ability to be used interchangeably with other units of equipment 
in the event that it should be convenient for its owner to do so. 


7. Low initial cost. 

8. Economy of manpower. 

9. Low operating and maintenance cost. 

10. The least possible weight in machine, to get maximum load carrying 
capaaty. 

11. Ruggedness of construction and ability to withstand the most rigorous 
operating conditions. 

12. Simpliaty of operation. 

To meet the foregoing demands of this modem earthmoving problem, the 
designer produced the unit shown in Fig. 1, a wheeHype tractor moimted on 
two eVi'foot pneumatic tires, powered by a IJO'horsepower Diesel motor; 
used to operate a modem 15'cubic'yard self 'loading earthmoving scraper. 

While the transmission case and frame, including the bumper and belly 
guard structure, (and the side frames of which are also the fuel t^s) 
the mam subject of this paper, for the purpose of more clearly defining the 
subject, a description of the tractor unit itself is herewith given. 

In order to meet the above desenbed requirements for this umt, bold 
departures from conventional designs were undertaken. First, since this tractor 
is used to haul loads of earth and other construction matenals, toe Icart 
amount of weight which could be used for the tractor itself and still retain 
the ground pressure recj^uired to propel the load, would be the best dedgn; since 
the less weight there is in the tractor, the more weight of ‘‘pay loadj can m 
hauled with the amount of power available in the unit. Therefore, the 
principle of attaching the wheel tractor to a pivoting yoke on the unit to ^ 
hauled so that a large portion of the weight of the load, plus all of the weight 
of the tractor itself cantilevered over the driver wheel, was adojptcd* The 
principle is illustrated in Fig. 2 showing how 40 per cent of the weight of the 
load and a desirable part of the weight of the drawn unit, plw^l of the 
tractor cantilevered directly over the drive tire fitted drive wheels. The apph** 
cation of this principle immediately made it possible to reduce greatly the 
material weight of the tractor. 

Second, in the interest of maneuverability, lighter material weight in the 
tractor itself and simplicity of inherent design, this tractor was designed with-* 
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out front wheels The fact that the motor cantilevered over the dnve wheels 
and that the tractor was held in a hon:5ontal position by the yoke of the unit 
which It was pulling, made it possible to eliminate the entire front wheel 
assemblies usually found on wheel type tractors. Elimination of the front 
wheels, therefore, resulted m the maneuverability equal to or greater than that 
of track type tractors, since the unit can be completely turned around by a 
pivoting about the wheel center of one wheel on a circle whose diameter 
IS controlled only by the length of the wheel base from the rear wheels of 
the unit being pulled and the clearance between the driver wheels of the 
tractor 

^ Third, m the interest of placing all of the weight possible in front of the 
drive wheels, and to develop more economy of matenal and space, the frames 
upon which the motor of the tractor was mounted were made as box sections 
and used as fuel tanks This eliminated fuel tanks as they are usually known 
on tractors, and in addition, placed the weight of the fuel itself ahead of the 
drive wheels so that it contributed more than its actual weight to increasing 
the traction on the dnve wheels because of the cantilever effect of its being 
ahead of the drive wheels. This also shortened fuel lines from tanks to the 
motor, yielding a more ideal design 

Fourth, again in the interest of simplicity of operation the steering mechan" 
ism for this tractor was placed in the transmission in the form of friction 
clutches so that the least amount of weight and material would be used m 
achieving the steering operation and so that the operator might be placed 
directly over the center of the driving line, near the controls for both the 
tractor and the drawn unit. 

Fifth, the transmission case was so designed that one large axle on each 
side of the case would support the Cj/z^foot pneumatic tire with sufficient 
rigidity and strength and without excessive expenditure for material, to main" 
tarn standard automotive road width and yet give maximum maneuverability 
and wheel base width. 

Sixth, as a means of reducing weight and of obtaining the material 
strength required for this particular design, a low alloy high tensile structural 
steel of from 80 to 90,000 pounds per square inch tensile strength was used 
in the manufacture of the major parts of this tractor frame. This allowed 
the reduction of weight with comparable strength of from 25 to 33^3% over 
ordinary 60,000 pounds per square inch tensile strength structural steel, for 
all major parts of the tractor case and frame. 

To further describe the production of the unit, it should be stated that the 
radiator, the motor, and the gear shifting transmission assembly were pux" 
chased and assembled to the main frame or the tractor after it was fabricated 
in tiic factory* A power control unit for cable operation was attached to tiic 
rear of the transmission case in order to actuate the carlhmoving unit drawn 
behind the tractor. The operator s seat structure was purchas^. All other 
major structures of the unit, including the wheels and deck plates were manu" 
factor^ in the dmlgner% plant Fig. 3 shows a closeup of the tractor itself 
with one drive wheel in or<te more clearly to show the main subject 

of th» paper. In Fig* 3 the origffial arc welded dmgn is shown, indicating 

relative riJse of tJ» timmnniasion case and the gas tank and frame structure 
upon which m mounts. Fig, 4 is a time up of the front part of the 

unit the belly guard and bumper structure, which is not shown in 

Fig. 3* Since this rtrreture became practically standard witih the unit, it is 
irdud«i m part of tks main fmme and transmission assembly oivered in this 
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Fig. 3. Qelt). Drive wheel removed to show main gear case and frame. 
Fig. 4. (right). Some os Fig. 3 with bumper and belly guard. 


The details of the original design of the transmission case, frame and fuel 
tank structures, and bumper structure, together with the acccMories required 
to put it together as an assembled unit, are shown in Fig. 5. The four major 
units or structures in this unit were the main gear transmission case, the 
right fuel tank and frame structure, the left fuel tank and frame structure, 
and the belly guard and bumper structure combined. 

The Designer’s Question — “How to Make These Structures?” — In design- 
ing a machine to meet the above outlined requirements for this wheel tractor 
and after visualiring the general structure of the wheel tractor transmission 
case, frame, and bumper assembly from a material standpoint to the extent 
of deciding upon a high tensile steel, the designer had to decide by what means 
he should make these structures. 

A more detailed examination of the specific requirements of such a design 
showed that the structures must have the following characteristics: 

A. Using high tensile material for the construction of these units, relatively 
tliin sections would give the required strength for each of the four major 
structures if they were made of box-like structures to use the maximum 
material strength of the high tensile steel. 

B. The finished structures all require a high degree of rigidity. 

C. They must be so constructed that the vibration of the motor and the 
severe operating conditions of high speeds with hpvy loads could not lixwcn 
up joints or work parts of the unit loose in service. 

D. Both fuel tanks and transmission gear case had to be oil tight. 

E. The fuel tank and side frame structures had to be sufficiently perma- 
nent of construction , so that the bouncing, vibration, and the 8trc.«e.s from 
the weight of the motor would not cause them to deform and thrttw the motor 
out of alignment with the shifting transmission or the steering tran.sini.^xion; 
or would not develop leaks because of the strenuous operating a>nditiaus, 

F. The gear case had to be as easily machincablc as possible because of the 
several bearing seats; cover plate seating, drilling and tapping; fuel tank bolt 
base seats; and other machining operations to be done upon it. 

G. The gear case had to house the friction steering dutches, the main 
drive gears for the wheels; and without diaphragming to place the main axles 
for the w^hcels sufficiently low to maintaisi proper clistrancc without 
diaphragming during the most strenuous of operating conditions over rough 
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ground It must also be strong enough to seat the power control unit on the 
rear of the case to give cable control to the earthmoving scraper or other 
drawn unit 

H All of these structures had to be made with a degree of accuracy which 
would maintain very narrow tolerances with the minimum of workmanship 
m order to insure good mechanical function 

I All of the units had to be made to resist heavy shock load and severe 
impact since this machine would be operating in rough construction work 
under extremely rigorous conditions. All joints and structures had to be 
permanent, 

J. Each of these major structures must be capable of being cleaned and 
painted and finished to withstand normal wear and weather conditions for 
year around outdoor service 

K. Each of these major structures should be as streamlined and smoothly 
styled as is compatible with the other functional requirements of the design 
in order to make the units have as wide an appeal for modern merchandising 
practice as possible. 

L. Each of these structures should be made of material and construction 
which lends itself most favorably to field service and repair in the event of 
damage caused by abuse or accident in the field beyond that which should 
be expected of any design in reasonable use 

M Each of these structures should be made using as little weight as 
possible in cider to achieve the structural strength required and yet release all 
of the weight possible for load carrying capacity. 

Of the conventional methods available for the manufacture of such 
structures, cither the use of steel castings or of arc welding would be the 




1%, S, tlNitell of iwti of ofifiadi of 
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only reasonable and practicable methods of manxifacture. No other method 
would give the rigidity combined with the permanence of joint and oil tight 
requirement embodied m this design. 

Cast ftom Alloy Steel or Arc Weld from Alloy Plate? ^Each of these units 
could be manufactured by arc welding, or with certain concessions m design, 
by alloy steel castings so that they would be interchangeable in assembly, 
uniform in shape and si2;e, and would have about equal characteristics so far 
as handling in the factory or assembly is concerned. Each would have to be 
made with a rigid control of material and workmanship in order that they 
present a good performance in the field A comparison of the general fca-' 
tures of the cast steel construction compared to the arc welded construction 
aside from a detailed companson of costs, (which will follow later) for each 
separate structure, indicates the following general differences 

A, Weight of Structures— Each of the four major structures involved 
would be heavier using the cast construction, even using a comparable 
strength alloy cast steel because of the many thin sections involved in each 
of the four structures and because of the necessity for fillets to equalize the 
thm sections with the very thick sections, particularly in the transmission 
case. This difference is estimated to be at least 7 per cent heavier over the 
arc welded construction in the finished castings. 



Fig. 6. Cross soction ol modn trcmsmisslon oczso. 


B, Freedom in Use of Spedalized Materials — If these structures were made 
of cast steel they would have to be made completely homogeneous whereas 
using the arc welded method of construction, high tensile alloy steel plates 
and bar stock may be used for the major parts of the structures where struc' 
tural strength is necessary and a less expensive and more machincable toel 
such as SAE 1020 may be used for such items as the bearing blocks, bolt 
plates for the ends of the gas tanks, and other parts of the case or other 
structures where mechanical strength is not particularly necessary. An ex- 
ample of such a part is the baffle plate inside of the fuel tank to avoid surge 
while the units are traveling. These baffle plates are made of mild steel ]/$' 
in<i thick, welded inside of the alloy plate box structures. An examination 
of Fig. 6, which shows a cross section through the final drive case showing 
the parts after assembly, diows some of the bearing blocks in the case and a 
comparative thickness of the main structural wall-pIatcs of low alloy high 
tensile steel compared to the thick heavy bearing blocks which in the arc 
welded constructiem can be made of mild steel These parts tie thus more 
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machineable and less expensive than if they were made from the alloy 
plate, and still they have all of the structural strength required of them 

C, Maintenance of Clearances and Tolerances in Structures — By arc weld' 
mg parts made from alloy steel plates as rolled at the mill, under controlled 
set'Up and welding procedures, the maintenance of the close clearances in- 
dicated by Fig 6 is assured. By taking plates and other parts of uniform 
shapes, strength and sisje, and setting them up under positive control and 
fusing them together with welded joints which increase the section of the 
members only at the junction with the adjoining members of the design, it 
is possible to set up and maintain the close tolerances and space'-utili 2 ;mg 
design such as illustrated in Fig. 6 The problems of casting thin sections 
of high tensile alloy steel into sections requiring as close tolerances as in- 
dicated m Fig. 6 present difficulties which, if met by the most resourceful 
of modern foundry practice still require a cost, according to official foundry 
cost schedules, which cannot compete with the arc welded design. 

D, Inspection — the Control of Quality — Certain items in the design, 
particularly the baffles in the fuel tank structures would be almost impossible 
to produce by the casting method The inspection of such inside features 
and the accurate production of uniform section thickness and 100 per cent 
uniform quality throughout the critical part of the design would be extremely 
difficult in the cast design. However, in the manufactunng of them by the arc 
welded method the materials themselves control the section thicknesses since 
they arc already assured by the purchase of uniformly manufactured rolled 
plate and bar stock. In addition, the fact that these units can be built up as 
sub-structures and then welded into complete structures allows the progres- 
sive inspection of every detail of the structure as it progresses through each 
step of its manufacture. 

E, Welded Bolt Circle Plates vs. Cast Steel Bolt Circle Plates — Since 
these structures are bolted together in certain places, the arc welded con- 
struction presents another important advantage in that the surface of a rolled 
steel plate or bar as purchased from the steel mill is sufficiently uniform and 
flat to seat the head of a capscrew and a lock-washer on it without machin- 
ing. The entire bolt circles or bolt bases on the fuel tank structure if cast 
would have to be either spot faced or milled flat to prepare it for a satisfactory 
and dependable capscrew base, 

F, Repair of Accidentally Damaged Structures in the Field — In the event 
of abuse or accidental damage to the unit in the field, because of unexpected 
damage done to any of the major structures involved, the arc welded design 
would present complete assurance of quick and ea^ repair by welding that 
would not necessarily be true of the cast steel design. The fact that it was 
origffially made by welding indicates the weldabiHty of its parts. A skilled 
serviceman m the field would not hesitate to bend or straighten a welded 
structure by ordinary field welding methods and arc weld it to a state of 
complete repair, if he were called upon to work upon it. With the cast 
md daign, however, he would have no way of knowing whether the origl- 
la! strenSh df the castings had been attained by heat treatment of an alloy 
steel ana contequently would have two quwtions difficult to answer with 
regard to a welded repair cm such ca^ structures: Hrst, "*is it weldable?'’ 
(a queskem he could answtx by teying to weld it), and second, "'if it wtxt 
welaed would the heat of welding reduce the stxwigth so that subsequent 
Mure would follow?*' If modem field nspair service by welding were not 
applicable to such a undt, any other method of repair would be very expen- 
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sive from a standpoint of time and labor involved, smce it would require 
straightening mechanically m some fashion and perhaps bolting patches onto 
the structure, or else it would require the replacement of the structure itselt. 


G, Freedom of Manufacture and Independence of Production— In view 
of the very speciahzed foundry processes mvolved, that of itiakmg high-grade, 
high tensile special alloy steel castmgs requiring considerable technical 
expenence and requmng a great initial outlay for equipment, the designer 
could correctly assume that it would be more economical for im o pu 
chase these alloy castings from already experienced and existent foundries in 
the cast and cleaned condition ready to machine rather than to try to set 
up his own foundry for the manufacture of such castings (Even such large 
users of alloy castmgs as the railroads usually purchase their castings tr^ 
steel foundries, rather than trying to operate foundries of their own). The 
welded structures he could make himself m his own plant in varying quanti^ 
ties to suit his own needs with a small enough initial outlay of capital lor 
equipment and material to be practical for the ordinary small or the medium 
si^ed industry today. This automatically gives him a freedom of production 
of from a very few parts or a very few completed units at first, to any rea^ 
sonable number which he desires to manufacture according to the demands 
for his field From the standpoint of development of design, this is a very 
important feature m favor of arc welding since it gives the manufactur^ 
the opportunity to use equipment which may already be in his plant or which 
can be purchased for a relatively small initial outlay compared to the initial 
cost of a few experimental cast pieces of the complexity indicated by th^ 
four main structures for the wheel tractor transmission case and frame by me 
cast steel method. The cost of castings in small numbers is much greater than 
in lots of 100 for example, due to pattern costs. 


H, Speed of Development and Proving of New Designs^—The length of 
time required in developing new designs and getting the experimental units 
built and tested in the field is a very important consideration in the develop*' 
ment of new units In the case of the wheel tractor, transmisMon casc^ frame 
and fuel tank assembly, the initial investment m time using steel castmgs as 
compared to that for the arc welded design would be considctably greater. 
Several items contribute to this. First the specifying of fillets and risers 
and the amount of detail required in the drawing for such a structure as the 
transmission gear case alone, would require considerably more engineering 
and drafting time than a similar drawing for the arc welded construction 
method. Second, the length of time consumed in manufacturing the pattern 
and cores required for such a complex structure would probably be about 
equal to the length of time required to actually manufacture the unit from 
rolled steel and bar stock by the arc welded method. 


I, Freedom to Make Changes in Design While Bmlding the First Unit-- 
The freedom of choice on the part of the designer to make changes in his 
experimental units is considerably greater in the arc welded method than in 
the steel cast method, largely because of the requirement of making new and 
expensive patterns and all new castings m the event of a change in a emt 
steel design. This requires much more time and money than the simple 
method with the arc welded design of simply altering the drawings and 
cuttmg new pieces and building a new structure. In many cases this k not 
even required, for in minor changes parts may be welded onto the original 
design or pieces may be cut out with an acetylene cutting torch and the new 
pieces cut and welded into the design. 
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General Requirements for Most Economical Arc Welding Manufacturing 
Practice — Since all of the foregoing consideration indicates that the choice of 
the arc welded method of producing the four major structures for the wheel 
tractor transmission case, frame and bumper assembly, a further consideration 
of the important features of the arc welded method of manufacturing such 
units should be considered. 

A, The Welding Engineer — Probably the most important factor in the 
use of arc welding for the manufacturing of any type of unit, whether it is 
very large or whether it is very simple, is the welding engineer. The most 
important attiibute of the welding engineer must be that he be completely 
sold on arc welding as a means of manufacturing equipment. This confidence 
in arc welding should be the result of experience, and in order to function 
properly he must have the power to act within a wide scope of responsibility. 
This may be limited to the complete charge of designing and manufacturing 
of a very small item as a starting step if the company is contemplating 
changing its products over to an arc welded design. The wide range of 
authority and power to act is absolutely necessary for him successfully to 
make the step from an older conventional method of manufacturing a 
product to the arc welded method. 

This welding engineer functions best ordinarily if he is trained within 
the organi^jation, but if such a man is not available in the organization, quali" 
fied men may be obtained elsewhere. He must know arc welding from the 
manual processing standpoint from experience. He must be a good mechanic, 
he must be a resourceful workman, he must be able to use the accessory 
machinery and train people in its use to manufacture the parts which he 
wants made for his structures. He must understand arc welding design from 
a material strength standpoint and from a practical processing standpoint. All 
of this is information which he may learn on the job by studying and by 
practical experience. In many ways it is better for him to get that informa- 
tion on the job than in any other way, because he tends to experiment more 
and take fewer things for granted as being impossible to do. 
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He must know how to calculate costs, and be able to organize procedime 
controls He must be a man who can wm the confidence and respect or the 
workmen under him and lead them rather than push them to accomphshi^nt, 
for in that way he may incorporate mto his accomphshment the namral 
resourcefulness of the average workman in offering suggestions as to how 
to improve procedures, which is one of the most important somces or im- 
proved design and processing in the arc welding field today He must be 
able to demonstrate by objective facts and tests the value and somty or the 
structures which he builds and the economies involved therein He must be 
able to tram men m procedure control and to delegate responsibihties to 
capable hands in such a way that worKmanship and material are used accord- 
ing to the best possible practices of economy. 



Fig. 8, flofl). A roll molcss curved parts econonlcoL Fig. 9, (right). Oo* piece bent b 
usuoIIy' more economical then two piocea welded to^otkete 


B, Processing Machinery — ^The physical equipment required for arc 
welding does not offer a particularly large problem. A source of oxygen and 
acetylene for flame cutting and a good source of electrical power to operate 
the arc welding machine are necessary for the plant. Both of these items 
are easily available in the average industrial plant today, or can^ be made so 
with relative ease There is a wide vanety of arc welding machinery on the 
market from which this welding engineer may choose the items best adapted 
to his purposes. 

Mechanical flame cutting units, such as shown in Big. 7, increase the 
production of flame cut parts markedly and bring about very good economy 
for the production of large numbers of units by the arc welded method. 
Plate shears and bar shears offer economy in the preparation of parts for wdd- 
ing structures on a production basis. For the best functional ^signs involtdng 
curved structures, a steel rolling unit such as shown in Fig. 8 also offers 
real economy in shaping parts for the mass production of arc welded struc- 
tures. ‘ 

One of the units of machinery that produces the greater economies in 
producing parts for arc welded structures is a bending brake such as riiown 
in Fig. 9 since it allows the bending of plates ratho: than the cutting of them 
into smaller pieces and welding them together. Whenever a single plate can 
be bent to take the place of two or more smaller plates a marked reduction 
in cost of the structure results due to fewer inches of welding, and less 
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handling of the parts of the structure. Such a brake may also be used as a 
punching unit, Fig. 9, or for hot or cold bending, pressing, embossing and 
shaping. 

C, Welding Set-up and Positioning Fixtures — One of the major steps 
of control and mass production uniformity and economy in the arc welding 
method of fabrication is that of using fixtures for the setting-up of the parts 
and positioning fixtures for the most favorable welding of structures. These 
fixtures may be the same fixtures in the case of simple units or they may be 
separate, as for example, the case set-up fixture shown in Fig. 10. Such a 
fixture may be made simply and economically by the welding engineer. By 
attaching stops and clamps to it the workman who sets up the parts may 



Fig. 10. daft). Inaxp«iuilT« sat-up flxttu-e piorldea quick poaitlTa poilHonlag. 
Fig. 11. (right). All valdiad poslttoning unit 


place them more quickly and more nearly error-free, and more positively 
than he can in any other way. This reduces the time and, consequently, labor 
involved and reduces the opportunities for mistakes. It gives positive align- 
ment of parts and maintains tolerances aind clearances in a positive manner. 

Another very important source of economy is illustrated in Fig. 11, 
which shows a positioning fixture for a gear case which allows universal 
positioning for downhand welding of the majority of joints in the unit 
This is a very important source of economy as is shown in Table I showing 
what the difference in cost of deposition of welds made in the vertical posi- 
tion, in the horizontal fillet position, or in the flat (downhand) position 
amounts to. Not only is there a considerable percentage of increase in speed 
of deposition of welds in the downhand position over other positions, but 
there is a greater assurance of complete penetration into the bottom of the 
weld, a better appearing weld usually results and there is usually less time 
lost by the operator due to fatigue, preparing himself to weld, loss of nervous 
energy, and machine adjustments. 
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Table I— Percentage of Welding Time Saved hy Positioning Vertical and 
Horizontal Fillet Welds for Downhand Welding. (Minutes Per 
Inch of Weld Based on Time Stu<hes in Manufacturers’ 

Plant of Arc Time Plus Fatigue Allowance). 


Size 

of 

Weld 

Mm /Inch 
of Weld 
Welded 
Vertical 

Min /Inch 
of Weld 
Welded 
Horizontal 
Fillet 

Min /Inch 
of Weld 
Welded 
Downhand 
(Positioned) 

Percent Saved 
by Positioning 
Vertical 
Weld 

for Downhand 
Welding 

Percent Saved 
by Positioning 
Horizontal 
Fillet Welds 
for Downhand 
Welding 

3/6" 

254 

140 

105 

58 7 

25 0 

1/4" 

292 

.155 

115 

60 6 

258 

5/6" 

327 

.170 

125 

618 

26 5 

3/8" 

412 

231 

140 

661 

39 4 

1/2" 

660 

342 

191 

711 

44 2 


D, Operation Sequence Control — It is relatively simple after a fixture 
is prepared to setmp the parts of a structure and a positioning fixture is 
available m which to weld it to establish a step'Wise procedure of operation 
from the placing of the first part m the set-up fixture until the completion of 
the last weld. Figs. 12A, 12B; and 12C show check sheet incorporating 

Case Welding 

Elements 

1 Prepare Jig for setup - 

2. Get &? pos. end plates to jig 

3 Burr holes in. end plates & clean bushings-^ 

4. Get 6? pos. inside end plates 

5 Clean, pos. axle shaft & bushings 

6. Clean, trim pos. to center plates 

7. Get ^ pos. spacers for center 65? end plates tack 

k Pos. 6? tack bottom plate. 

9 Adj. center pit. ^ stop, pos. axle boxes 6s? bushings . 

10. Clean 6^ pos. axle boxes 

11. P. 6? T. ball gear hsng bands — 

12. Clamp in place 61? complete tackmg bottom pit 

13. Turn Jig, pos. 6?* tack side plates in place. — 

14. Turn jig, pos. &? tack bars 

15. Turn Jig, tack inside plates to side plates loosen stops 

16. Turn jig 61? remove main axle shaft — 

17. Weld axle boxes 

18. Turn Jig, pos , tack weld facing block 

19 Pos. boxbeam spacer 6;? finish welding axle boxes . 

2a Turn Jig, pos., tack 6!? weld 2 gussets 

21. Pos. & tack sub. bottom 6;? draw bar str 

22. Pos. tack two gussets to frt. of axle boxes 

23. Remove case from setup jig 

24. Finish tacking inside pktc fis? 1^ bar 

25. Stamp and aside structure 


Total .... . . . . ....j 

Case No. . . . 

Operator's No 

Shift Day . . ... ... . Nite 


Date, 

Job No,. .. . 

rcreman'sOX. , , 

Bant,. , 



Bg, Wa SimghWiMm jmtmdwm chudk «h««t nmt^up of wwiiiii 
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Inside Welds 


Elements 


Gca 


Units 


Total 


1. Pos 6s? clamp case injigjpos. Jig to frt pit thru two holes 

2. Pos center spacer across case at top 

3. W stringers 6? 1st passes on outside of case turning jig 

4. W. four butt welds bull gear hsngs to frt ^ back pits, turning 


5 W It axle box 6? bot ofreinf bar to It inside pit turning jig.^ 

6. W. rt axlebox6?bot ofreinf bar to rt. inside pit turning jig 

7. Turn, W. axle bxs. to bot pit , frt. side. 

k W axle bxs to bot. pit , back side, S V’s. frt Ss? back pit. to bot 

pit., turning 

9 W. axle blks, to axle bxs. bot pit. both sides turning jig.. . 
10 W bot pit, to frt Ss? back pit turning jig 

11. W. axle bxs. to bot. pit inside sides turning jig 

12. Tic m axle bx. 6? axle blk. welds turning jig 

13 W Ist passes rt. sides of center pits to bot pit turning jig„ . 

14 W. Ist passes it sides of center pits, to bot. pit. turning jig . 

15. Slag all (4) Ist 6^ W. 2nd passes It. sides of C. pits, to bot pit. 

turning Jig 

16. Turn, W. rt inside pit. to bot pit 

17- W 2nd passes rt sides of C pits, to bot. pit. turning jig 

18. Turn, W. It inside pit* to bot. pit 

19. Turn, slag all tacks on msidc 6s? center pits. . ... 

20. Turn, W. It sides of in&ide pits, to frt pits 

21. W* rt. end pit. 6^1 at passes on rt sidesoftl. plt8.tofrt. pit .. 

22. Turn, W. rt* end pit. 6? It sides of mside pit. to back pit 

23. W. 1st passes center pits, to hack pit turning jig 

24. W. It end pit. 6j? rt sides of mside pits to back pit. ... 

25. Turn, W, rt. sides of inside pits, to frt. pits 

26. W. It end pit 6i? Ist passes on It sides of U. pits to frt pit 

27. Turn, slag Isc passes center pits, to frt Ss? back pit., - , . 

IS, W* 2nd passes center pits to back pit.. It sides... 

29. Turn, W* 2nd passes center pics to frt pit. It, sides 

30 Turn, W, 2nd passes center pits, to back pit, rt sides „ . 

31. Turn, W 2nd passes center pits, to frt. pit., rt sides. . 

32. Slag, F. T W. (2) splash gussets turning jig 

33. Slag, P. T. b? W. (2) splash gussets turning jig . 

34. Turn, W. liar to ba<.k pic 

35* Turn, W, bar to It. outside pit, 1st pass bar to It inside pit 

36. Torn, W* bar to frt pit. ..... . . . 

37- Turn, W. bar to rt. outside pit., Ut pass bar tort mside pit. 

38. W. bar to rt. inside pit. 2nd paw. 

39 W S. V's bar to rear pit. 6? tie in welds on sides of bars turn- 
ing jig ..... ... . . 

40. Turn, W. l^r to It. inside pit. 2nd pass 

4L W. S* V\ bar to frt, pit ^ tie in welds on sides of bars turning 


42* Turn, remove center ^uctt clamp, W. under clamp...,*.. * . 

43. Turn upright, W tic in welds top 6i? inside of case . * , 

44. Remove ^ aside ca« from jig . , . . . . 


Date. . Oie No. ... . , 

OpcAtor'i No....... .... 




Total .. ^ 

Umt No. . i 
Job No. .... *1 


m£tt Eky.*... 

i%nfc#2 
TS 26 


Nitc, 
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Outside Welds 


Elements 


ccc. 


Units 


Total 


1 Pos. ^ clamp case m jig 

2 Turn, W Ist pass bull gear hsngs to It ins pit ^ rt end pit 

3 Turn, V/. butt welds, bull gear hsng bands to frt pit __ 

4 Turn, W 1st pass bull gear hsngs to rt ms pit It end pit 

5 Turn, W, butt welds, bull gear hsng bands to back pit » 

6. Turn, slag tks on all bars, W. bar to frt pit 

7. Turn, W. bar to It end pit 

8. Turn, W bar to back pit - 

9. Turn, W. bar to rt end pit 

10 Turn, slag 1st passes all way around end ms pits .. .. 

11 W 2nd pass all way around It end pit turning jig.... 

12 W. 2nd pass all way around rt end pit turning jig 

13 W rt ins. pit to bull gear hsng turning jig 

14 W It. ms. pit to bull gear hsng turning jig 

15 Turn, W. 1st pass sub hot. to axle boxes 

16 Turn, slag tks. & lat passes back to bot pit axle bxs to sub' 

17. Turn, W 2nd pass back pit to bot pit 

18 Turn, W. 2nd pass axle bxs to bot pit. back side 

19. Turn, W 2nd pass sub bot. to axle bxs 

20. Turn, W. hondu to sub'bot 6P hitch blk to bot pit , rear side 

21 W. hitch blk. to sub'bot outside. 

22. Turn, W frt. pit to bot pit 

23 W. rear of axle bxs to ms pits., W rear gussets to axle bxs 

turning jig 

24. W. bitch blk, to sub'bot. inside turnmg jig. 

25 Turn, W ms side of It axlcbx 6? It maide pit. to bot pit 

26 W. rt. sides of rear gussets to bot pit , W. bot. of It. axle bx. 

toms pit 

27. W. seams on frt sides of sub'bot. turnmg jig. 

28 Turn, W ms side of rt axlebx 6? rt. inside pit to bot pit.. 

29. W It sides of rear gussets to bot pit , W. bot. of rt axle bx to 

30. W. frt. gussets to subbot turning jig 

31* W. sides of sub'bot. to bot. pit turnmg jig. 

32. Turn, W. axle bxs (msidc) & frt. pit. to sub^bot . . 

33 W. 2nd pass top side of bot. pit. to frt. pit 

34. Turn, W, sub-bot. to inside pit . . 

35 Turn, W corners of sub'bot. to frt pit 

36. W. top bitch blk. to bot. pit. frt. side, W. edges of bitch blks 

to sub'bot. 

37. W* corners ^ tic ms. on frt. pit. ^ frt. of sub^bot. &? axle bxs 

turning jig. 

38. Turn, W. edges of bitch blks. to sub-bot. ms. tic m back pit. 

corners. 

39. W. S. V's. back to bot. pit , finish ticing in welds .. 

40. Remove clamps, W where clamps were, W. corners of bars » 

41. Remove 6^ aside case to floor, turn ^ blk case upright on flcxir 

4Z Remove jig from frt pit . . 


Date....... 

Operator’s No . .. 
Foreman’s O.K.. . 


Sbufr: Day . ...... . 

(H 3593) 

Hant#2 

TS 27 


Case No 


Nice 


Total.. . 
Unit No, „ , , . 
Job No. 


pfootdw# cli®cl£ for moMiig wolcte m otiWWb «l 
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step-wise procedures and shop production record sheet used by workmen 
who make the tractor transmission case Such a step-wise procedure is 
exceedingly important because it makes for uniformity of structure It also 
allows the use of the positioning fixture to its best advantage, that of getting 
the majonty of the welds deposited in the downhand position and in the 
same sequence from one part to the next With such a step-wise procedure, 
the operator learns his job in an orderly fashion and executes it the same 
order on each successive structure This makes it possible to spend most of 
his conscious attention on the deposition of metal, and assuring himself that 
he IS depositing good sound welds, rather than planning which move he is 
going to make next. Operation sequence control is one essential step in 
modern industrial mass production which has been proved to be indispens- 
able in the production of machines with interchangeable, standardized parts. 
It can be organized for production of machines by arc welding very easily, 
and thus establishes the well known economies of standardized mass pro- 
duction. 

E, Control of the Size of Welds Deposited on Structures — ^The alert 
welding engineer quickly recognizes that the deposition of the correct 
size of welds as a structure is of great importance. In the first place it is 
necessary to deposit sufficient metal m a joint to assure its proper function. 
The average welding operator wants to be on the safe side and consequently, 
unless specifically advised as to the size of weld which he is supposed to 
deposit, he will almost invariably deposit a larger weld than is really neces- 
sary. There are many means of accomplishing control of the size of welds 
but probably the most effective one of all is that of the use of welding symbols 
on prints from which the man works. 

The importance of the size of weld compared to the cost of the weld is 
shown in Fig. 13 which diagrammatically shows the volumctnc progression 
of size of welds with increase m dimensional size. Roughly a J/ 4 -inch weld 
IS equivalent to 4 times the volume of a y^nneh weld. Fig. 14 shows how a 
weld size may be shown on a print by a welding symbol and also shows the 



If# Wii. Tdteiyirtite tAm of Bf* 14, (lop, ooulofl. 

Hiiit |<^ 1% If, Itep# fl#^ mxmtm uliowlttt fio coot of owwoMtow* If# 
loiii, tin mtA d iwwiwAtof, Bt# IT# hxmmm fit-up mipliwi M 

to i mtm waMI jwddli 11, Obotao# liflif* Jl tw d H fii# d fim 
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Fig. 19. Mass production oi xuachlnlng. 

volumetric si 2 ;e of a properly welded joint according to the specificationi^?. 
Fig. 15 illustrates the result of over^welding where the weld is twice the 
si^je specified by the symbol, where actually about four times the amuimr: of 
weld metal has been deposited. Fig. 16 shows a common degree c^f over* 
welding, simply that of being IV 2 times the si 2 ;e specified on the print or 
necessary for the joint and yet requiring approximately twice the amount 
of weld metaL The control of welding metal deposit; that is, the size of the 
welded joint, by some positive method, is one of the most important sources of 
economy in the arc welding method of fabrication of machinery or other 
equipment. 

F, Control of Joint Fit-iip—Another extremely important factor in the 
cost of arc welding structures which the alert and resourceful welding engi*' 
neer will keep under close control is the degree of perfection of fit'^up at the 
joints. This is inherently important from the standpoint of getting good, 
strong, sound joints; and of requiring the minimum time to prcxluce atnic** 
tures by the welded method. Fig. 17 shows a welded joint similar to that 
shown in Fig. 14 with a perfect fit-^up. The joint in Fig. 17, however, shows 
a gap ^in the fit^up of one third the thickness of the plate, which, tgatii 
following the natural tendency of the average workman who wanti lo do 
an honest, »f€ Job, will almost always cause the deposition of mom metal 
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thaa that joint requires. Further j the additional amount of time required 
to deposit the first bead or two in^the joint, and the additional time required 
to weld the total joint results in a very significant increase in the cost of the 
unit. 

Fig. 18 shows a similar joint with a gap equivalent to two-thirds of the 
thickness for the thinnest plate in the joint showing geometrically how at 
least four times the amount which was specified is deposited and usually 
about five times the amount of weld metal is deposited in such a joint. A 
simple procedure of checking the template by which the parts are cut and 
by correcting them to the original design, as made in the first experimental 
model, is the most important step in the control and elimination of poor fit-' 
ting joints. If this checkup and correction is made on the original set of 
templates from the experimental machine; and any misfits which escape that 
first checkup and occur in subsequent orders of the unit are corrected on 
prints and templates immediately when they are found, the poor fit-up ele- 
ment in welding can be reduced to a minimum, especially when positioning 
fixtures are used to place the part in their proper position. If the parts are 
cut properly and are positioned with positive accuracy by a fixture, a design 
can be perfected to automatically yield good fit-ups, 

G, Training of Welding Operators— The training of welding operators 
by the welding engineer when they join the organi 2 ;ation is a very important 
step in the economy of his overall production. If the engineer trains his 
men to weld from the very beginning, or if he hires arc welders and qualifies 
them by tests which satisfy him that they can do the required work, the 
next important step is that he shall in some orderly way train them in the 
processes, methods, and controls associated with his job. This should in^ 
volve a thorough training covering the use of the equipment in the plant, 
according to that particular plant practice; the method of control; the use 
of fixtures; and the step-wise procedure of manufacturing the unit If a 
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Flff. 21, a*fO. W©l«l*d gear coa«. Hg. 22, (right). VUiot nochiolBg ogpcmaon m. w*)d»d 

gtructure* 


careful and orderly training program of this iind is carried out whenever 
a new man comes to the organuiation, the welding engineer and management 
may be assured of a much more uniform, economical, and satisfactory service 
from that workman, because he then can be told exactly what is expected of 
him. 

H, The Machining of Welded Structures~The machining of 
welded structures is much like the machining of the product of any other 
conventional method of making such units, such as castings, and the practices 
of making fixtures for quicker machining produces economies which are 
very important. 

The use of a multiple drill to place half of the holes in the top of a trans^ 
mission case, shown in Fig. 19, to which the deck plate is bolted is a good 
example of how arc welded structures may be machined on a mass production 
basis using multiple drills and drill jigs with hardened bushings to speed up 
tUs type of production. In the use of certain alloy plates for arc welding, and 
in thehxiilding of certain structures, such as a complex gear case, it is neces^ 
sary to stress relieve the completed welding by normaliring at 1200 degrees 
in a furnace and allowing to cool gradually to release the stresses within the 
structures. Fig. 20 shows welded transmission cases being removed from 
an unconventional type of welded normalising furnace. After such normalis-" 
ing, it is frequently beneficial to clean the structure thoroughly, removing 
the resulting normaKring scale, such as shown in Fig. 21, the slag and 
spatter^drems from the welding process from the structure before machining. 
This may he done by a sand or grit blasting process, or by a strong buflSng 
process, or in some cases a flame scaling process. It is often desirable to put 
a primer coat of paint on a welded mucture of some complexity immediately 
after cloning and prior to such machining operations as shown in Fig. 22, 
the boring of die bearing scats of a’ welded transmission case. 

The aDove outlined items of good welding practices arc all within the 
scope of the modem, inanufacturing workman # id>flitto tod and 

within the scope of the common tools with' wldch mtoufa^tumf il ttoe 
today* They represemt a brief review of the ftodimen^ the 

weld&ng engineer or the management of a welding ^tbWhtewt ««ild itody 
tod maintain under caatol in order tn reap the bc»l, .ire 
wdding process. These problems for the arc welding dalf n tod tttoufactotts 
of equipment are no greater for the welding process than the other i»rfable« 
tod problems which must be organised and controlled m other methodi of 
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manufacturing, and are simpler in many respects. There is nothing in the 
solution of any of the above listed problems which is beyond the ability 
of an alert student of his job, and which may not be worked out and learned 
from experience on the job if the one who is solving them has the cooperative 
backing of the management of his organisjation. 

After having considered the foregoing items and elements of successful 
arc welding design and practice in the manufacturing of arc welded struct 
tures, the designer of the wheel type tractor for greater efficiency in earth' 
movmg decided to arc weld the four mam structures shown in Fig. 5 , A 
detailed study of the comparative costs of the arc welded methods of con' 
struction for these four structures compared to that of the cast steel construe' 
tion follows. 

Source of Welding Costs and Costs of Materials Used — Early in 1940 the 
design of this new model wheel tractor was undertaken. The structure 
shown in Fig. 23, namely the gear case for the final drive transmission, includ' 
ing the axle housings for the main drive wheels, and the right and left 
combined frame and fuel tank structures were first designed. 



The cost of this transmission final drive gear case and frame assembly 
which will hereinafter be given, is an actual cost on a production basis 
One experimental unit was first made and tried, (This, of course, was 
complete with the tank, bumper and belly guard, assembled into a 
complete unit and tried in the field). It proved to be sufficiently successful 
that a pilot production order of five such units was produced. On this 
order of five, the tools, jigs, and fixtures, welding control procedure, and 
other production requirements were established. A full fledged production 
order of 50 followed the pilot order of five. The demand for the unit was 
so great that a second production order of 50 was issued and practically 
completed by the end of 1940. On January 1, 1941 there were already 88 
of the original welded design wheel tractors in the field in opemtion. It is, 
therefore, on this production basis that the cost of the structures are given. 

Spedfic Items of Cem in Wddid Stm.ctur<»---A, Mfld stx*l comparable 
to SAB 1020, at the 1941 average price paid by the manufacturer for mfld 
2 J cents par potmd. 

^ Low aioy hi^h twirile iqpedal structuml steel plates, diapes, anilcs 
and Imt itoefc m rcifaJ at the am at the average price paid by the mantrfac' 
tuitr for all such kw aioy hkk mmh ^ructum steel in 1941, 3 J emu 
par jpDcttici*» 
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C, special tubing and standard pipe used in the manufacture of these 
units at $ 040 per pound, which was the average price paid by the manU' 
facturers in 1941. 

D, Labor and overhead, based in all cases upon actual time studies, a 
‘'‘’standard cost” involving the actual number of minutes of work (and indud- 
mg “"fatigue allowance”) required to perform each of the processes of all 
of the parts, sub-^structures and structures and operations to complete the 
processing and cleaning of these structures Charged against these minutes 
(the direct labor) is the overhead for each department The overhead 
for the fabricating and assembling department included the electrodes and 
power cost of arc welding Since the cost per minute of labor varied m 
different departments because of the assigning of different items to overhead 
in different departments the following cost per department in the factory 
involved in the manufacture of these structures, and the cost therefore used 
in computing the manufacturing cost of each of these structures m all cost 
comparisons used in this paper are as follows. (These are the average costs 
per minute of overhead and labor in 1941). 


Steel cutting, shaping and forming department. 

Fabricating and assembling department 

Heat treating (and normalising) department...., 

Machine shop 

Cleaning and painting department 


Per minute 
....$0,061 

047 

117 

..... 084 

040 


Since manufacturing of machinery by the arc welded method is not an 
uncommon practice today, the numerous details of the exact production of 
the parts and structures going into this transmission case will not be dC'^ 
senbed here. Suffice it to say that the designers while they drew up the 
structures were mindful of the elements of good welding practice desenbed 
earlier m this paper and that the work was done in a modern factory equipped 
for arc welding manufacture The parts which made the structure*? were 
manufactured from steel plates, shapes, bar stock, and tubing as produced 
by the steel mill These parts were sheared, flame cut, rolled, bent or formed 
according to the requirements of each part in accordance with the most 
economical method of making them in this particular plant, always with the 
eye to forming and bending parts wherever possible to improve 
positioning ease and reduce the number of inches of weld necessary in the 
structure 

Cost Case Arc Welded— Since the gear case logically formed a separate 
unit and one which required considerable machining after fabneation; and 
required that the frame alignment be maintained to a hi|h degree of 
accuracy after machining, the ongmal case was designed so that by facing 
the front surfaces and drilling and tapping them, the right and left frame 
and fuel tank structures could be bolted on to form the major part of the 
tractor frame and transmission unit. 

The fact that the unit was designed for arc welding allowed the designer 
to use two types of material; 

First, a special low alloy high tensile weldable sixuctural steel hawig it 
tensile stren^h of from 80,000 pounds to 90,000 pounds per i^wre inch 
instead of mild steel of approximately 60,000 pounds per square inch teaiile 
rtrength, with a reduction in the weight of the main staractunl portion of tihe 
transmission case fmm 25 to 33 per cent 

Second, the designer used mild steel bearing blocks and Wt Mocii 
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wherever it was advantageous from the standpoint of machinability or 
economy in the use of materials Examination of Fig. 24, which is a re- 
production of the print used by the shop in setting up and welding the 
parts and substructures which make up onginal welded model of the final 
drive case, shows the several thick bearing blocks which were made of 
mild steel in order to attain better machinability and to produce the wide 
bearing and oil seal seat for the main axle beanngs and other large bearing 
seats in the case 

Simplicity of Engineering Prints Reduces Costs — moment's considera^ 
tion of the blue print reproduced m Fig 24 indicates the relatively simple 
engineering prints which can be used with this method of fabncation 

First, each part of the entire unit can be easily recogmsied as an individual 
part by examination of the blue print 

Second, even with the number of dimension on this relatively complex 
structure and the labelling of the relatively large number of parts and sub-- 
structures, the print is easily readable It has a minimum of special sections 
and other features which consume the draftsman's and engineer's time in 
drawing and designing, and which add to confusion on the part of work' 
men in the shop 

Third, the welding symbols used m the welding procedure control in 
fabricating this structure are included on the print To one acquainted with 
the use of arc welding symbols as a means of controls the simplicity of the 
symbols and the fact that they can be incorporated on as complex a structure 
as this gear case, indicate that it is practical The symbols shown are the 
American Welding Society's welding symbols, to which has been added 
elements to control the position which the weld will be deposited, the number 
of passes or beads used in the joint, the type of electrode used, and the 
machine setting for each pass in the weld was added m later symbols for 
closer control of the welding process. 

Fourth, each of the parts of substructures shown in this pnnt are drawn 
up separately m the same simplicity, requiring a minimum of dimensions and 
requiring, for the most part, the very simplest line on the part of the drafts- 
man. No dimensions for fillets at every juncture or change of thickness of 
section arc necessary and no indication of total thickness of section is required 
such as would be necessary in the case of a cast structure in order to allow 
the founder to calculate thickness of sections and plan his pattern and pouring 
procedures to place risers and chill sections in order to get sound castings. 
The simplicity of the prints which can be used in the arc welding method of 
fabrication are great savers of tunc and money in the engineering department 
as well as in the shop 

Detail of Welded Transmission Case Cost — Table No. H presents a 
detailed account of the cost of the manufacture of the main transmissioii case 
structure of the original welded design, including all of the cost of manu- 
facturing It in the shop up through the n(^rmaliaed and cleaned condition 
which would be comparable to a clean steel casting, ready for machining. 
Table No, O does not include any of the machining costs which were 
involved in the manufacture of this transmission case although it may be 
observed by examining Fig, 24 that many of these parts have holes already 
fiame cut or punched in them which would correspond in general to the 
cored holes left in the steel castings. 

JKm shown in Tabic II, the total coi^ of fabricating by arc welding this 
ttitin transmission case of the original design for arc welding was $194.63 
Ihe total wdght of the structure was 1, 09^.4 pounds. 




Hv. 24. Shop print uMd for Mt-np and waldtn? of orlglncil mndol of trcnmnhMitow, emm. 


The cost compared to that of the cost of a similar structure manufactured 
by the steel casting method is of mterest. 

Cost of Low Alloy, H^h Tensile Steel Casting — In the first place an 
examination of Fig. 24 indicates some problems to the steel foundry which 
probably could be solved only by some redesign of the case. Attention ii 
called to the thinness of many of the sections of this structure and the faa 
that there are several closed spaces which would be very difficult to make and 
to inspect thoroughly by the steel casting method. An example of one of 
these 18 the thin section which holds the main batting block for the axles 
on the case. Part No. B on that particular structure is made of |4dnch special 
alloy plate. The small spacer, which holds the bearing block out from the 
main side of the case, is a piece of tubing with a section slightly over J4'hich 
hick. The problem of producing as heavy a bearing block, (wWdh it must 
•« remembered must be of the special high tensile alloy steel if my part erf 





this cue were cast as high tensile alloy sted) would be very difScult because 
of the change in thickness of sections from very thin to ve^ thick. 

Granting that this and several other major difficulties in the production 
of this unit were overcome and the units were cast from a low aUoy, high 
tensile steel, such a structure could be made. The cost of such a casting 
has been computed as follows: 

A. Based on a publication “Ckimprehenstve Report of Price List of 
Miscellaneous Castings for the Third Quarter of 1941, beginning July 1, 
1941”, published by the Steel Founders Society of America, 920 Midland 
Building, Cleveland, Ohio, the coat of the castmg of this transmission case 
from a low alloy, h:^ tendlc structural steel casting. Class A, Grade 2, 
Na A'148'36k as specified by the A.S.T.M. would be $0,194 per pound in 
lots over 100. (See alloy price schedule shown in above dted publication 
opposite page This price is basel upon the price for steel castings 
quoted on page 58 for a tractor-transmission case — crawler type (which is 
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Table II— Weight and Cost of Transmission Case H-2706 (Original Welded 
for “Bolt-On” Tank and Fuel Structures, Arc Welded, 
Normalized and Cleaned, Ready to Machine). 



MAIN STRUCTURE — 
A Right bull gear housing 
(structure) 

Bming web (sub str ) 

Web plate. 

Bearing block 

Bearing block 

Bottom plate 

Outer side plate and 
bearing (sub. str ) - ... 

Mam plate 

Upper bearing block .. 
Bearing block support — 
Outer axle bearing 

(sub str ) 

Bearing block 

Spacer 

B Left bull gear housing 
structure (Same parts 
as right bull gear hous- 
ing with left side set- 
ups Parts shown 
under right bull gear 
housing shown under 

A) 

C Case center bearing 
block (sub str.) . 

Bearing block 

Center plate .. 

D Mam bottom plate ~ 

E Main front plate 

F Mam rear plate . . 

G Right axle housing 

(Sub structure) 

Web plate, 

Side plate 

Web plate .. . . 

Bearing block . . 

H Left axle housing sub. 
str (Like G, except 
left side)... .... 

J. Low’er cap .... 

K. Drawbar top block 

L Case, bottom and draw- 
bar base (sub. str ) , 
Bottom plate. . , 

Lower drawbar block 
M, Drawbar gusset. . . 
R Gusset (top center plate) 
O. Case top range, 
front and rear ... . 

P* Inner plate top flange 
Q. Outer top fengc 
Weight of welds 


Toy! Weight , 


77 397 $77 397 


Alloy Plate 
Alloy Plate 
Alloy Plate 
Alloy Plate 


Alloy Plate 
Alloy Plate 
Alloy Plate 


1020 Plate 
Alloy Plate 


115 6 $4 393 

5 1 194 

6 7 255 

29 5 1 121 


1020 Plate 
Alloy Plate 
Alloy Plate 
Alloy Plate 
Alloy Plate 


Alloy Plate 
Alloy Plate 
Alloy Plate 
Alloy Plate 


Alloy Plate 
Alloy Plate 


Alloy Plate 
Alloy Plate 
Alloy Plate 
Alloy Plate 

Alloy Em 
Alloy Bar 
Alloy Bar 
Weld Meta! 


No. 

Total 

Used 

! Cost 

1 

$77,397 


I 607 1 607 

4 393 1 531 5 924 

.480 .397 877 

870 982 1 852 

1 166 1.166 
1 484 647 2 131 

133 019 .152 


„ 12.810 12 810 


1.720 1.72C 

1.254 3.49< 




Ttital Cost 
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entirely comparable to the wheel tractor transmission case because of the 
amount of power required to drive the unit) which is classed as an X^303 
casting, bearing the price in lots over 100 of $0 174 per pound. An addi- 
tional 2 cents per pound are added for the alloy as quoted opposite page 62 

Because of the thin sections in this particular transmission case, which 
are permissible because of the high tensile, low alloy steel used, the weight 
of such a case made as a steel casting is considered to be 107 per cent of the 
weight of the welded case This allows for fillets, risers, and for an additional 
safety factor in reproducing the very thin sections which can be made by 
welding and which would be very difficult to make by casting. A cast case 
comparable to the welded one shown in Fig 24, the weight and cost of 
which are shown in Table II, would weigh 1,836 7 pounds, and, purchased 
at the price of $0 194 per pound, would cost $356 62 

This represents a cost of $161 99 more than the cost of the arc welded 
structure and indicates a percentage of cost saved by arc welding of 45 4 
per cent as well as 7 per cent in weight in the production of this transmission 
case. 

Frame and Fuel Tank Structures — ^The production of a combined fuel 
tank and frame structure which bolted on to the transmission case and 
which supported the motor and gear shifting transmission was a simple 
matter by arc welding. Fig. 25 shows the print of the right fuel tank and 
frame structure which was used in manufacturing this structure in the shop 
The left tank differed from the right tank shown in Fig. 25 in that it had 
a fuel sump on the lower side from which the fuel line could draw the last 
few drops of fuel from that tank. The sump was made by welding a piece 
of rolled bar stock into a semi-circle and two side plates which closed 
the arc of the semi-circle to the bottom of the tank in which there had been 
a hole left to allow the fuel to drain into the pump. Otherwise they were 
made of the same parts, set up to make a right side and a left side structure. 

The thinness of the sections of these members should be observed, noting 
the fundamental economy of material in this particular structure. It is made 
as a box section from two plates bent at 90 degrees, arc welded together along 
the edges of the two resulting angles. They are only ^g-inch thick, yet have 
the strength required to support the motor and to Withstand the loads re- 
quired of it and also serve the purpose of oil tight fuel tanks The spouts are 
made of a piece of round bar stock which was prc-machmed before being 
welded into the tank structure. The rear bolt plate was made of mild steel for 
better machinability, since it was faced on the rear and bolt holes drilled in 
it in order to bolt the tank to the transmission case. A thin walled battery 
box structure was placed at the rear of the tank on the top side. Note also 
that the tank has two sets of baffle plates inside of it, made of j/edneh mild 
plate. 

From the welding ^andpoint, this structure was very simple to make. 
The baffles were welded into one of the side plates as a substructure and 
then all of the rest of the plates were simply welded together, including 
the spout which had been prc-machined. Certain parts, labelled in 
Fig. 25 were small bolt lugs which were welded on after the structure was 
machined. Since the rear plate was mild steel and the front plate was thick 
enough so that the effect of welding would not interfere wth its machining, 
tihis structure did not have to be normalized after welding. Each part of the 
lank could be ins{«cted as it was manufactured, and after the welding and 
machining was completed and it was cleaned, it could be tested very readily 
to ks iute it was " in aH of its joints. 




SECTION IX— MACHINERY 


1049 


Table III — ^Weight and Cost of Arc Welded Right Frame and Fuel Tank 
Structure H-447 (Welded, Cleaned, and Tested to Show Leak Proof). 


Part 

Material 

Weight 

Lbs. 

Mat. 

Cost 

Labor 

and 

Over< 

head 

Umt 

Cost 

No. 

Used 

Total 

Cost 

MAIN STRUCTURE 




7128 

$7 128 

11 

$7,128 

A. Side plate (sub. str ) 



HBjBI 

.338 

338 

1 

.338 

Side plate 

Alloy Plate 

79 0 

$3 002 

661 

3 663 

1 

3.663 

Baffle strut 

1020 Sheet 

0.5 

.014 

.054 

068 

2 

.136 

Baffle. 

1020 Sheet 

20 

056 

.122 

178 

2 

.356 

B. Lower cap 

Alloy Plate 

49 

186 

020 

206 


.206 

C. Front cap 

Alloy Plate 

25 4 

965 

.029 

.994 


.994 

D. Filler neck 

1020 Round 

36 

.100 

.254 

.354 


.354 

E, Battery box side. 

1020 Plate 

10 9 

.305 

.101 

.406 


406 

G. Strap 

Alloy Bar 

29 

no 

.007 ' 

117 


.117 

H. Lug 

Alloy Bar ! 

3 

.011 

053 

064 


.128 

J. Battery box side 

1020 Plate 

13 8 

.386 

.256 

642 


.642 

K. Rear bolt plate. . „ . 

1020 Plate 

40 9 

1145 

018 

1163 

1 

1.163 

L Tank side 

Alloy Plate 

730 

Z774 

720 

3 494 

1 

3494 

M. Step * 

1020 Round 

3.0 

.084 

.085 

.169 


.169 

Weight of welds 

Weld Metal 

6.4 i 




fmm 


Weight 266.6 Total Coat $19,294 


Table rV— Weight and Cost of Arc Welded Left Frame and Fuel Tank 
Structure H-428 (Welded, Cleaned, and Tested to Show Leak Proof). 


Part 

Material 

Weight 

Lba. 

Mat. 

Cost 

Labor 

and 

Over^ 

head 

Umt 

Cost 

No. 

Uied 

Total 

Coat 

MAIN STRUCTURE... 

■■■■ 



7.469 

$7,469 


$7,469 

A. Side pkte (sub. strA — 


.. .. .... 

.. .» . .... 

.338 

.338 


.338 


Alloy Plate 

79 0 

$3 002 

.661 

3.663 


3.663 

Baffle strut. , . 

1020 Sheet 

05 

.014 

.054 

.068 


436 

Baffle 

1020 Sheet 

ZO 

.056 

.122 

478 


*356 

B* Lower cap. ... 

Alloy Plate 

4.9 

.186 

.020 

.206 

1 

.206 

d Front cap . 

Alloy Plate 

25 4 


.029 

.994 

1 

.994 

0* MkrnecL. . 

1020 Round 



.254 

.354 

1 

.354 

E fettery box side , , .. 

1020 Plate 

10.9 


421 

.426 

1 

.426 

G. 8wap...„ 

Alloy bar 


.no 

.007 

.117 

1 

417 

E Lug 

Alloy Bar 

.3 

.on 

.053 

.064 


428 

L feittcry box side.. . . 

1020 PUte 

13.8 

.386 

.229 

.615 


.615 

Rw bolt pkte. .... , .. 

1020 Plate 

40.9 

1.143 

.018 

1463 


1463 

L Tankmde.. ... . 

Alloy Plate 

75.0 

2.774 

.72q 

3.494 


3.494 


1020 Round 

3.0 



469 

1 

469 





1.739 

L739 

1 

1.739 

Bottom pkte 

AUoj- ^te 

1Z4 

.471 

.031 

.502 

n 

.502 

Bdt pkte............ 

Altov Pkte 

u 

473 

.366 

.541 

[J 

1.082 

Weight of weW*. 

Weld Metal 

7.5 

• — 





We^t 

.................. 

E«9 

Total Coft ...... 



. $2Z951 
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Tables III and IV show the details of the cost of manufacturing the right 
and left fuel tank structures by arc welding, giving the weight and the cost 
of each structure, completed, through welding, cleaning and testing to show 

that they are leak proof. r j j 

Consultation with several experienced steel foundry men has inaic^ed 
that the manufacture of the right and left fuel tank structures, shown in rig. 
25, by the steel casting method using low alloy, high tensile steel, exactly like 
the arc welded structure would be completely impossible The thinness of 
the sections of the walls and the placing of H^-inch baffles inside of them; 
and the use of mild steel spouts, a mild steel bolt plate on the rear, and a mild 
steel battery box structure on the top of the tank would be completely im^ 
possible by the steel casting method 

Assuming however for the sake of a comparative cost on a very conser^' 
tive basis that these units could possibly, by leaving out the baffles or by 
making them heavier, be made by the steel casting method of low ^-lio}^ high 
tensile steel, the cost of such structures could be computed as follows. Refep 
ring to the “Comprehensive Report of Price List of Miscellaneous Castings , 
published by the Steel Founders Society of Amenca for 1941, page 46, listed 
as Item No 7213, Class “Contractors Wagon, crawler or wheel ^pe 
chassis or rocker beam (box type) \ a comparable box structure is described 
as a Class D'6 casting, which could be purchased in lots of over 100 in the 
weight range of these fuel tanks at $0. 115 per pound. Adding to this $0, 115 
per pound the 2 cents per pound alloy m order to convert it to the low 
alloy, high tensile strength material, plus a 10 per cent additional cost, equal 
to 1 3 cents per pound, for a pressure test to determine that it is leak proof, 
the total price of such box sections in the cast form would be $0,148 per 

pound. - , 

Again assuming that the weight of casting is 107 per cent that of the 
welded structure, the right fuel tank would weigh 284.5 pounds at 14.8 
cents per pound This would amount to a cost of $42,11 as a steel casting. 
Likewise, the left fuel tank would weigh 307.6 pounds, purchased at 14.8 
cents per pound, totalling $45 52, These costs as cast represent a cost of 
$22 82 more for the cast structure than the welded structure on a right 
fuel tank frame or a saving by arc welding of 54.2 per cent over the cast 
production; and $22.57 more for the cast left fuel tank and frame structure, 
which represents a 49.6 per cent saving by arc welding the structure. It 
should be borne in mind too, that the cast structures would not be exactly 
the same design, since the baffles would have to be different and the walls 
probably thicker. 

Belly Guard and Bumper Structure— The belly guard and bumper 
structure which bolted on to the front of the right ana left fuel tank and 
also bolted (by use of an accessory strip) to the bottom of the nght and left 
fuel tank and frame structures is shown in Fig. 26 . A line drawing of the 
same structure is sho’cO-n in Fig. 5. 

This structure is another example of the simplicity of design which 
makes use of plates, angles and channels and bar stock, cut to sixe, bent 
and shaped to suit the designer s needs and simply welded together. The 
functuin of this structure was to protect the under part of the motor and to 
offer a bumper guard for the front end of the tractor. It was made fmm low 
alloy, high tensile steel. The parts which were machined, were al! cut of 
bar Slock and pre '•machined before welding them together. This allowed 
for a minimum of handling and machine setting-up in the manufacture of 
the piifta 
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Table V shows the cost of this belly guard and bumper stracture as 
fabricated and cleaned but without the machining cost. It weighed 249.4 
pounds and cost $17.30 The cost of the individual parts and substructures 
in the structure are shown in Table V 


Table V— Weight and Cost of Arc Welded Belly Guard and Bumper 
Structure H-5575 (Welded Complete and Cleaned). 


Part 

Material 

Weight 

Lbs. 

Mat 

Cost 

Labor 

and 

Over- 

head 

Unit 

Cost 

No. 

Used 

Total 

Coat 

MAIN STRUCTURE .. 




2.759 

$2 759 

1 

$2 759 

A Rnmnpr ^Rnh str 




2 209 

2 209 

1 

2 209 

Channel 

Alloy Chan 

59 9 

$2275 

.598 

2 873 

1 

2 873 

Bolt plate. 

Alloy Plate 

32 

122 

128 

.250 

2 

.500 

Left beam 

Alloy Ang's 

241 

916 

.714 

1630 

1 

1 630 

Right beam 

Alloy Ang's 

241 i 

916 

.714 

1630 

1 

1 630 

B. Bdly plate. 

Alloy Plate 

117 4 i 

4 446 1 

805 

5.251 

1 

5*251 

C. Right gusset 

Alloy Plate 

48 

.182 ; 

.044 

.226 

1 

.226 

D. Left gusset 

Alloy Plate ’ 

4.8 i 

182 

.044 

.226 

1 

.226 

Total of weight of welds 

Weld Metal 

11.1 

: 



— 



— 

Weight. 


. 249 4 

Total Cost . .. . 





$17,304 


With some redesigning this belly guard and bumper structure could be 
produced as a steel castmg. It is likely that the thin section of the bottom, 
which, m the welded structure is J4'inch thick plate, would be difiScult to 
hold to a uniform thickness, in casting. The box sections which support the 
channel of the bumper would probably be converted to a channel structure 
in the redesign for casting. Assummg, however, that the castmg could be 
maAf comparable to the welded structure on the basis that the casting 
would weigh 107 per cent of the weight of the arc welded structure due to 
probable thickening of thin sections, and fillets and risers, the cost could 
DC computed for the cast structure as follows: Consulting the "Comprehen' 
sivc Report of Price List of Miscellaneous Castings”, published by the Steel 
Founders Society of America for 1941, the item listed as D-T, “tractor 
(crawler type) rock guard”, could be considered comparable to this belly 
guard and bumper structure. The fact that this structure is for a wheel 


Table VI — Summary of Analysis of Costs; Arc Welded Compared to Caat 
Steel; of Completed Structures, Cleaned, Tested and Ready to Machine 


Structure 

Cost 

Arc Welded 

Cost 

Cast Stad 

Saved hr 
Arc WiMini 

ill 

Tmiiwaiision case ...... ....... , 

$194.63 

$356.62 


414 

Left fuel tank and ftame 

2X95 

45*52 

2157 

4M 

Right ftd tank and frame . . . 

19.29 

4U1 

2I.81 

54.2 


17.30 

57.03 

19.73 



$254.17 

miM 

$22711 

m 
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type tractor with power comparable to a crawler type tractor would make 
sufficiently comparable to use the D^5 classification In lots over 100 withm 
the weight limit of this bumper and belly guard structure, the cost is 11.7 
cents per pound, to which must be added the 2 cents per pound special 
charge for the alloy making a total of 13 7 cents per pound The casting 
would weigh 270 3 pounds, and at 13 7 cents per pound would cost $37.03. 

Compared to the cost of the arc welded structure there is a saving of 
$19 73, which would represent 53 3 per cent saving m favor of arc welcSng, 
The welded structure would also weigh 7 per cent less 



Fig. 27. TI]l« ImproTedi dtfslgn rogultitig Irom modUlcGrtioii of original modol. 


Cost of Four Main Structures Compared — summary of the compared 
costs of the arc 'welded transmission case, fuel tank and frame structures, 
and belly guard and bumper structure comparing them to the comparable 
cast steel structures, is shown in Table IV, which indicates that there is an 
average saving over the cast steel type of construction by welding of 47.2 
per cent on these four main structures. This is on the basis of completely 
welded structures cleaned, and normalfeed (if necessary — as indicated for 
the ffear case) . This is a very significant statement of the economy of arc 
wdeing such structures over any other economical practical method of 
making such structures. 

Cost of Assemblies Compared — ^Whilc the saving of 50.6 per cent shown 
in Table VI, in t±ic manufacture of these structures by arc welding over the 
«t«il casting cost is very significant, it is well to examine the comparative cost 
of the two completed immt assemblies, in order to get a comparative evalua^ 
tiofi on a thoroughly practical basis, that of the finished assembly ready for 
use. Thm gives a comparison of cost of functional demgn which includei 
machining cost dirwriy awoc^ted with that particular design and the cost of 
fiiithaiwl parts and accessories and the labor of assmnbling. AH of 
thei^ are very important in the manufacture of a machine and should 
W indbded in a compari»n of this kind. 

Table VII k thiwefore riiown tO’ give the total a>st of the unmachinml 
pm which were awufwaturcd in die plant by arc welding, plus tine cost 
m &e purchased parts^ used in the assembly. 
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Table VII — Cost of Unmachined Transmission Case, On” Tanks, and 
Bumper Assembly, Plus Purchased Parts 


Part 

Weight of 
! Total Used 

UJnit 

Cost 

No 

Used 

Total 

Cost 

C-1677 Capscrew 

4 

$0 014 

4 

i $0 056 

^738 Copper washer 

! 

009 

4 

036 

“‘‘Final drive case .. . - , . 

1,716 5 

194 631 

1 

194 631 

Gasket. 

1 

0 95 

2 

1 900 

01678 Capscrew . 

51 

0 017 

44 

0 748 

H-738 Copper washer 

4 

0 009 

1 44 

0 396 

Left fuel tank- 

287 5 

22 951 

! 1 

22 951 

Motor Hanger 

20 8 

1614 

1 

1 614 

C-1540 Lock washer. . 

1 

0 004 

4 

0016 

C-1524 Nut. 

1 

0 013 

4 

0 052 

01685 Bolt 

3 

0 022 

4 

0 088 

Zerk fitting 



0 098 

1 

0 098 

Tank cap 

22 

1305 

2 

2 610 

Tank dram plug 

(H-6881 — not on print) 

1 

0 047 

2 

0 094 

Case drain plug 

(D-1423 — not on print) 

2 

0 052 1 

3 

0 156 

Right fuel tank 

265 9 

19 294 

1 

19.294 

Fuel strainer 

1 

0 850 

2 

1.700 

Bumper - 

232 6 

17.304 

1 

17.304 

Filler block. 

12.8 

0 345 

2 

690 

05762 Capscrew 

2 j 

0 023 

4 

0 092 

D-2779 Lockwasher 


0 005 

8 

0 040 

D-5639 Allenhcad screw 

6 

0.093 

4 

0.372 

01613 Capscrew^ 

9 

0 014 

8 i 

0 lU 

1540 Lockwasher 

. ' 

0002 


0.016 

Filler Strip 

9.4 

0 290 

2 

580 

Weight 

2,576 9 

Total Cost 


$265,646 


Since the machining of the bearing seats, bolt holes and other parts of 
the main transmission case, except for the facing off and drilling and tap^ 
ping of the holes for the fuel tanks, would be quite comparable for weldings 
or castings, and since the cost of machining the case (with the exception 
above mentioned) does not have a direct bearing upon the cost of the other 
structures involved in the design, the major machining of the case lias been 
omitted from this study. The difference m the cost of machining tlie struc* 
tures as cast or welded is itemi5;ed in Table VIII, which shows the cost of 
machining the structures made from cast steel and those made by arc welding, 
itemi 2 ;cd showing the cost of machining each which had to be machined 
Notes explaining the difference in machining costs for the cast structures 
compared to the same structures made by arc welding, accompany Tabic VfIL 

The fact that many parts in arc welded structures may be machined as 
parts and then welded into the structures in order to avoid the handling 
of heavy structures and more difficult machining set up to accompliith the 
same purpose; and the fact that rolled steel as purchased and welded is 
sufficiently flat to allow the seating of a capscrew with the lock washer 
underneath it without additional machining; whereas the caitings must be 
spotffaced, allows a saving of $6.13 m the machining of the welded icniciurei 
over the machining of the cast structures. This represents a difference of 
10.9 per cent in the machmmg cost as listed for this study. 

The completion of the Itemised comparison to include the main simcturei 
(welded or cast), the purchased parts and accessories, the reipecrive machine 
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loss 


Table VIII — ^Difference in Labor and Overhead Cost of Machining Cast Steel 
Gear Case (For Frame Bolt Base Only) Frame and Fuel Tanks, and 
Belly Guard and Bumper Structures; and Machining the Same 
Structures of Welded Design 


Structure 

Cost* 
Cast Steel 

Cost Arc Welded 

Pre 

Machined 

Part 

Machined 

as 

Structure 

No. 

Used 

Total 

Cost 

Gear case (for tank seating and 

1 





bolting on only) 

$11,567 


$11 567 

1 

$11 567 

Left fuel tank 

19 759 


16 946 

1 

16 946 

Left fuel tank spout . . . . 


0 520 


1 

0 520 

Right fuel tank 

19 159 

i 

j 

16 346 

1 

16.346 

Right fuel tank spout 



0 520 



1 

0 520 

Motor hanger... .. 

1010 

1010 


1 

1010 

Bumper and belly guard 

4 988 



1 

.000 

Bumper bolt blocks 


366 


2 

-732 

Bumper belly plate 

' 

.624 

... - , ... ... 

1 

.624 

Bumper filler block . . 


496 

, - 

2 

.992 

Bumper strips .... 

... 

548 


2 

1.096 

Total . ... 

$56 483 




$50,353 


U 




Difference in favor of Arc Welded design ,....$6.13 

Percentage difference m favor of Arc Welded design 10.9% 


‘Note; Extra cost of machining cast steel structures is due to following items. 

A. Tank and frame bolt holes must be spoHaced for capscrews and where rolled 
steel plate surfaces are square enough as welded hiotor hanger brackets of 
cast design must be milled square 

B. Tank spouts cannot be pre** fabricated. So must be drilled, bored, tapped in 
cast tanlc, frame structures 

C. Bolt plate surfaces of bumper must be milled square to fit tank and frame ends. 
Pre^dnlled bar stock was used in welded structures. 

D Capscrews and bolt holes of bumper must be spot-'faced on cast structures. 


Table IX — ^Difference in Cost of Gear Case, Gas Tank and Frame, Bumper, 
and AcccsM>ries, Assembled into Complete Tractor Chasis Frame 
(Not Including Machining Cost of Main Transmission 
Case Except for Gas Tank Bolt Bases) Using 
Cast Steel Structures and Using Arc 
Welded Structures 


Item 

( lost 

Arc Welded 

Cost 

Oist Steel 

Saved by 
Arc Welding 

Percentage 
Saved by 

Arc Welding 

Maf« stfucturci 
{Unmachimdi but cleaned) . ...... 

$254.17 

$481.28 

$227.11 

47.2 

Machining of mm for feme 
gai tank, bumper, belly guard, 
engine hanger hracketi ... . , 

50.35 

5648 

6.13 

10.9 

^cl«i«d fmrts and acce»i«iei,„. .. 

1L4S 

11.48 

... , , , « 



1L04 

11.04 



Total 

$327.04 

$560.28 

$233.24 

4L5 
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mg costs, and the assembly cost is shown in Table IX. This indicates that in 
the assembled frames, except with the bumper bolted on, including the main 
gear case, the fuel tank and frame structures, and the belly guard'and-bumper 
structure; a total of $233.24 were saved by using the arc welded structures 
instead of using steel castings. This represents a total of 41,6 per cent differ- 
ence m favor of the arc welding method of fabrication. 

The Second Source of Economy — ^Before the end of 1940, when 50 or 
60 of the original arc welded design of this wheel tractor had been placed 
in the field, were operating successfully, and receiving a high degree of favor, 
the second step in developing the most efficient and economical unit was 
undertaken. This step was the one of refining and improving the original 
arc welded design. 

Although the 41.6 per cent economy over the cast method was significant 
there were certain improvements which suggested themselves k the manu- 
facture of the ori^a! arc welded model; and there were otfhcr departures, 
which if they could be accomplished by the use of the arc welding, would 
result in considerable saving and an improved unit in the field. 




Chief among these was the possibility of arc welding the fuel tanks and 
frame structures to the mam transmission case after the main transmission 
case had been machined. This would eliminate the cost of the machining 
on the main case for the fuel tank bases and capscrews, as well as eliminate 
some material on the tanks and the machining of the tank for seating and 
drilling the holes for the capscrews. 

Naturally, the embarking upon such an ambition departure from ordi- 
nary design involved the question of whether the distortion caused by arc 
welding the fuel tank and frame structures to the case after it had been 
machined would distort the case so that the machined parts would not be 
in proper alignment. 

Another change which suggested itself in the experience of manufactur- 
ing the original welded model was the possibility of combining the major 
portion of the belly guard structure with the fuel tank structure if it were 
possible to weld the fuel tank structure to the main case successfully. 

This would allow the installation on the lower front part of the combined 
fijel tank and belly guard structure of a pull-hook which, according to 
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expenence in the field had been found to be desirable. Since these units are 
pushed from behind to load them it occasionally was more satisfactory to 
hook a p ulling unit on m front and “snatch-load them mstead of push 

loading them , , . , , 

An additional improvement suggested by field operation was that a 
few more gallons of fuel tank capacity would be helpful. The capacity 
of the two tanks combined on the original welded units was 51 gallons 
Agam practice in the field indicated that it might be helpful in operation ii 
a full barrel, amounting to about 53 to 55 gallons could be dumped into the 
combmed fuel tanks of the unit and still have from 5 to 10 additional gallons 
of capacity so that the unit would run for a while after the barrel-full was 
used This would enable the contractor to dump full barrels of fuel into the 
unit, thereby cutting fuel handling costs in the field. 

In addition there had been several possible improvements and eccmomics 
in the actual manufacture of the structures within the plant which were 
visualized as being desirable. 

The result of these suggested changes which grew out of the experience 
of manufacturing the original welded unit and trying it out in the iield was 
the design, late m 1940, of the unit shown in Fig. 27. It was found that 
the welding on of the tank structures to the transmission case after machining 
was entirely satisfactory from the standpoint of maintaining alignment of 
the machine bores and bearing surfaces in the transmission case. A minor 
hand-reammg operation after welding eliminated whatever slight distortion 
was caused by the weldmg. This is included in the following cost discus-sions. 
The other improvements discussed above were accomplished and will be 
explamed in the description of the individual structures together with the 
cost of their production by the arc welding method as shown m the following 
tables and illustrations 

Cost of Improved Welded Design— The changing of the transmission case 
was a comparatively minor redesign The improved case is shown in Fig. 28 
(a reduced print of the shop drawing for the case) and upon comparison with 
Fig. 24, (the original model) they will be found to be very much the same. 
The different type of hitch socket was placed on the bottom of the case m 
order to facilitate attaching the lower drawbar structure and to make it more 
substantial. The change m weight and workmanship brought about by this 
redesign left them quantitatively about the same. 

The main improvement was the substituting of one deeply drawn, em- 
bossed plate on the outer side to support the main axle bearing block rather 
than fabricating a lighter support base welded to a heavier, inner side wall 
main plate as in the original design. This change eliminated several piiunds 
of weight (and its attended cost of material) and markedly reduced the 
amount of welding in the case. It also considerably improved the striMinlincd 
appearance of the case structure. Another change which was made in the 
case was the use of lighter bearing blocks and the use of mild steel beanng 
blocks m one or two other places bringing the total percentage of mild steel 
involved in the case to 16.5 per cent as opposed to 7.4 per cent in the old 
case Since the total weight of the improved model case wa# less than that of 
the onginal model, the use of mild steel in greater proportion- •maintaining 
the same functional strength and weight, represented a saving of matemi 
cost since mild steel costs 1 cent per pound less than the alloy ateel. 

Table X shows the itemized cost of the rci^gned main transmWon 
case to be $177.84 with a weight of 1660.8 pounds, compared to the original 
model (welded) costing $194.63 and weighing 1,716.5 pound*. 
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Table X — Cost of Arc Welded Transmission Case (Redesigned) A-1945, 
Welded Complete, Normalized, and Cleaned; Ready to Machine 


Part 

Type 

of 

Material 

Weight 

Mat. 

Labor 

and 

Unit 

No. 

Total 

Lbs. 

Cost 

Over- 

head 

Cost 

Used 

Cost 

MAIN STRUCTURE 




$70 085 

$70 085 

1 

$70 085 

A. Mam bull gear housing 





structure... 




9 870 

9 870 

2 

19740 

Outer axle bearing and 





end plates (sub str.) 

Outer side plate 




1.819 

1826 

1819 

7.746 

2 

3638 

15.492 

Alloy Plate 

1558 

$5 920 

2 

Pinion bearing block 

1020 Plate 

9.5 

266 

.335 

601 

2 

1202 

Axle bearing block 

1020 Plate 

44 8 

1254 

.256 

1510 

2 

3 020 

Bottom housing plate 

Inner housing plate 

Alloy Plate 

28.3 

1075 

.378 

1.453 

2 

2.906 

sub'^tnicture,.,., , , 




1.354 

1.354 

2 

1708 

Pinion bearing block 





(outer) 

Pinion bearing block 

1020 Plate 

67 

.188 

.196 

.584 

2 

1.168 

(inner) 

1020 Plate 

54 

.151 

.402 

.552 

2 

1.104 

Inner weh nkte 

Alloy Plate 
Alloy Plate 

113 8 

4 324 
137 

.989 

5.313 

.152 

2 

10.616 

Top flange tar 

3.6 

.015 

2 

.304 

C. Case L, center plate 








(sub- str.)... 




.761 

1.183 

.761 i 
3.900 


.761 

3 900 

Case center plate. 

Alloy Plate 

71.5 

iin 

H 

Ring gear bearing block 

1020 Plate 

10 4 

.291 

.394 

.683 

1 

.685 

D Case l^ttom plate 

Alloy Plate 

94 8 

3 602 

1348 

4 950 

1 

4.950 

E Case front plate. ......... 

Alloy Plate 
Alloy Plate 

132.2 

5 024 

1.617 

6.641 

1 

6,641 

F (“ksc rear plate 

G. Right axle housing 

134.0 

1092 

.976 

6 068 

1 

6.068 

(sub. str.) 




2 068 

2.068 

1 

2.068 

Housing end plate.. 

1020 Plate 

54 

151 

.055 

.205 

2 

.410 

Housing side plate... 

Alloy Plate 

6.7 

.255 

.031 

.281 

2 

.562 

Inner axle bearing block. 

1020 Plate 

21.9 

, .613 

; .531 

1144 

2 

1288 

Housing bottfxn plate..,. 

Alloy Plate 

4.4 

' .167 

.055 

.222 

2 

AAA 

•*fTT 

Housing bottom plate... 

Alloy Plate 

2.0 

.076 

.055 

.131 

2 

.262 

Housmg side platc...^... 
E Right support for draw- 

AEoy Plate 

1020 Plate 

6.8 

.258 

.037 

.295 

! 2 

.590 

te hitch 

28.5 

•798 

.261 

1.059 

1 

1.059 

t r>rawba,r hitchr-,n,-Tr,n-- 

Alloy Bar 

1020 Plate 

52.1 

1.980 

.622 

1602 

1 

1602 

Left supprtjfbc drawbar 
hitch 

28,5 

.798 

.261 

1.059 

1 

1.059 

L. GiJiiai?*! .... 

Alloy Plate 
1020 Pktc 

3.2 

.122 

.018 

.140 

4 

.560 

M. Hitch support gusset...* 
N* Front and rear case top 

5.5 

.154 

.196 

.350 

2 

.700 


flange.*...... .... — .. 

Alky Bar 

13.5 

.513 

.050 

.563 

2 

L126 

0. Case top side flanges^..... 

Alloy Bar 

7.3 

.277 

.133 

.410 

2 

.820 

R Ca«: facing blocks.....^,. 

Alloy Plate 

.6 

.023 

.006 

.029 

4 

.116 

Q. Axk box gusset . 

It Left txk housing (sub. 

Alloy Fkte 

19 

.072 

.135 

.207 

4 

.828 

itr.) like 0., right axk 
housmg except kft 





2008 


1008 

fide set-up total for G„ 
R Ctie E. center plate 




2.008 

1 





{«k itr.) 


.. 

. , 

.761 

.761 

1 

.761 

Owe center pkte...... 

Alloy Phte 

7L5 

2.717 

1.183 

3.900 

1 

3.900 

Ring gear bearing block. 
Wtipt of weWi.. .... ... 

1020 Plate 
Weld Metal 

10.4 

130.5 

.291 

.394 

.685 

1 

.685 

■iiiiiiiii 

WKtlKmli 


■■■iy 



Weight -1.211.3 Total Coat 5177.836 

















1060 


STUDIES IN ARC WELDING 


The redesign brought about a noticeable reduction m weight, approxi- 
mately 100 lbs , and a noticeable reduction in total cost, of approximately 
$13.00. ^ ,, 

The processing of this case after fabrication was entirely comparable 
to that of the first case with the exception, of course, of the fact that it 
was not faced on the rear side and prepared for bolting, since the fuel tank 
structures were welded to it instead of being bolted on. 

Design and Cost of the Fuel Tank and Frame Structure— When it was 
demonstrated that the fuel tank structures could be welded to the transmis- 
sion case satisfactory, the two fuel tanks-andTrame structures were rede- 
signed, each to be taken out of one single plate %6-inch in thickness, bent 
twice in the form of a “U'’''shaped portion of a. box and placed upon a 
main bottom plate which incorporated a part of the function of the belly 
guard in the original design This change gave more protection to the lower 
part of the motor, positively and rigidly spaced the fuel tank and frame 
structure apart and kept them in alignment and welded solidly to the bottom 

of the main transmission case. r i ‘ i 

The new fuel tank and frame design, a working blueprint of which is 
reproduced (in reduced si 2 ;e) in Fig. 29, embodied also a pull nook with a 
channel reinforcement on the back side of the mam bottom plate of the tank 
structure and a gusset to the hook which allowed for snatchdoadmg. 
Actually the addition of this pull hook with its reinforcements added 70 
pounds to the total weight, representing a 70 pound additional feature in 
the design which had not been incorporated in the original model. The 
channel between the fuel and frame boxes increased the rigidity of the whole 
frame as well as reinforcing the pull hook 

Other refinements are apparent zn the improved step bracket used m 
mounting the tractor made from plate instead of round 

Further, by punching holes in the mam bottom plate (toward the center 
of the plate from the bottom of the fuel tank) and welding small, pre- 
machined bolt lugs on it, an oil pan guard plate which extended the whole 
length of the exposed motor could be bolted (with capscrews) on the bottom 
of the structure. This made a solid and uniform steel bottom for the whole 
wheel tractor frame, which fulfilled the function of the belly guard on the 
onginal model Pieces of bar stock were cut, bent, and welded on the front 
of the fuel tanks to take the place of the bolt plates on the ends of the 
original model’s fuel tanks, so that a very simple bent channel could be 
bolted to them and form the bumper. These two elements of reilesign 
eliminated the use of the heavier, more e.’cpcnsivc and more difficult-tcv 
assemble belly guard and bumper structure, and replaced it with simple 
structures which will be shown and described. 

Pre-machmed spouts were used in this structure in the same way that 
they were in the original; and baffle plates were welded in, (three i^r tank 
instead of two) dunng the fabrication of the structure. 

Only a very thin plate was used at the rear end of the tanks, largely 
to hold them in shape and to insure fuehtightness. These replaced the bolt 
plate on the original model’s fuel tanks 

This structure has the advantage of combining the principal functions 
of these structures in the original model into one; making it one uniform, 
rigid,. solid, single structure which, after fabrication and cleaning can be 
welded on to the completely machined transmission case rather than being 
bolted on in the assembly line. 
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Tig, 30. Lower side of ixnprored model fuel tonk and frame stnicfure. 

The effectiveness of the use of a single plate for the bottom of the tanks, 
part of the belly guard and as a stiffener for the whole frame structure is 
shown in Fig. 30- This shows the appearance of the bottom of the frame 
assembly without the bumper or without the oil pan. Now compare it to 
the bottom view of the original design without the bumper and belly guard 
structure, such as shown in Fig. 31. The more rigid, better protected, and 
improved streamlining, plus the pull-hook feature of the new design is 
very apparent when compared to the original welded design. 

The cost of fabricating the tank and bottom structure which took the 
place of the right and left gas tanks in the original design is shown in Table 
XI. This includes the finished structure, cleaned, and tested for oil tightnesi- 



KNi# 11, mSrn df foiifc from# itmctei*. wiih motor 
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Table XI — Tank and Bottom Structure H-5674-26 as a Completed Wielded 
Structure, Cleaned and Tested for Oil-Tightness 


Part 

Type 

of 

Material 

Weight 

Mat 

Labor 

and 

Unit 

No ■ 

Total 

Lbs 1 

Cost 

Over" 

head 

Cost 

Used 

Cost 

MAIN STRUCTURE „ 




$15 405 

$15,405 

1 

$15,405 

A. Left fuel tank (sub str ) 





1 820 

1.820 i 

1 

1.820 

Mam plate 

Alloy Plate 

1511 

$5 742 

1515 

7 257 

1 

7.257 

Bafile plate 

1020 Sheet 

26 1 

073 

024 

097 

2 

.194 

End pfate 


1020 Plate 

65 1 

182 

045 

.227 

1 

,227 

Spout 

B. Right fuel tank (sub 

1020 Round 

36 

100 

254 

354 

1 

.354 

atr ) 




1 748 

1 515 

1.748 

7.257 

1 

1.748 

7.257 

Mam plate 

Alloy Plate 

1511 

5 742 

1 

Baffle plate 

1020 Sheet 

2 6 

073 

182 

024 

045 

097 

.227 

2 

.194 

.227 

End plate 

1020 Plate 

65 

1 

Spout . 

1020 Plate 

3.6 

.100 

254 

.354 

1 

.354 

C. Equalizer pipe (sub str) 
Anchor block. 

1020 Bar’ 

3 

’’oos’ 

767 

018 

767 

026 

1 

2 

! .767 

.054 

Pipe ,, 

Std Pipe 

41 

164 

.053 

738 

217 

738 

1 

.217 

.738 

D, Pull hook (sub str) 

1 

Hook 

Alloy Round 

’’ 12 6 

.456 

566 

1022 

1 

1.022 

Base Plate 

Alloy Plate 

90 

.342 

054 

396 

1 

.396 

Gusset 

Alloy Plate 

1.6 

061 

123 

.184 

1 

.184 

E. Bottom plate 

Alloy Plate 

253 6 

9 637 

1553 

11 190 

1 

11.190 

F, Pan screw lugs.. . 

Alloy Bar 

.3 

i .011 

.013 

024 

7 

.168 

G. Hook base channel 

Alloy Ship 


i 



H. Bumper bolt plate. 

Channel 

' 46.6 

1771 

073 

! 1 844 

1 

1.844 

Alloy Plate 
1020 Plate 

1 82 

312 

.151 

200 

086 

1 512 

237 

2 

1.024 

.474 

L Stirrup 

54 

2 

J. Bolt lug ..... 

Alloy Bar 

1 Weld Metal 

1 

004 

.114 

118 

1 

.118 

Weight of welds, . 

20.3 









Weight 689.1 Total Cost $53,233 


Welding the Fuel Tank and Frame Structure to Main Transmission Case 
— Aft&t the fabrication of the fuel tank, frame, and bottom structure, the 
next step towards the completion of the wheel tractor frame assembly was 
the welding of the tank and bottom structure to the machined transmission 
case, 

A working drawing including the part numbers, the structures, dimen- 
sions, and the welding control for the welding of this case to the tank and 
frame structure are shown in Fig. 32 . 

One thing which is apparent on examination of this pnnt is that several 
bolt lugs and motor hangar lugs were added to this case and tank structure 
at this stage of its manufacture which were not incorporated in the original 
frame and tank structures. These additional hangars give additional freedom 
and more solid construction in the assembly of the motor and acccssoncs on 
the finally assembled tractor frame. 

Following the elements of good welding procedure and successful welding 
technique, a fixture is used to position and align the case with the tank and 
bottom structure. This fixture is shown in operation in Fig. 33 . 

It not only aligns the case with the fuel tank and frame, but also has 
aligning and positioning elements on it for the location of the motor hangar 
brackets and the battery boxes. All of the welding on this structure is deme 
while the parts arc in the fixture and may be positioned for the most favorable 
welding position within the limits of the main structures themselves. The 
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n», 32. Shop print (or woldlsfr (<i«l took oood ham* stractiiM to ft* tnxsainhNdoD ccm*. 

fixture turns on one axis only, since the overall length of the case and frame 
unit is 10 feet 

After welding, these completed frames arc removed from the fixtures, 
the welds are cleaned and painted over and the completed transmission case 
and frame-fuel'tank assembly are placed on small carts and immediately 
enter the assembly line shown in Fig. 34. 

These structures made ideal fixtures as the basis for the complete assembly 
of the finished tractor units, and lend themselves ideally to such line assembly 
processes. The satne could be said to a certain degree of the original **bok 
on tank and frame” design, but less handling Is required on the assembly line 
and less actual assembly work involved with the new model 
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Hg* 3d. llbctiire allows aligning and positioning case posltlToly and accurately. 

Two gaskets, 44 capscrews, and 44 copper washers were eliminated as 
purchased material in this change; plus the bolt plates on the rear of the 
original model tank ends of the fuel tank and the surface of the case; plus 
drilling and tapping of the case and drilling of the fuel tank bolt plates were 
eliminated; and a simple welding procedure was substituted in the new design. 

The cost of the accessory parts involved in the main structures and die 
welding of the case and tank structure into a unified assembly is shown in 
Table XIL 

Bumper Structure and Oil Pan Guard in New Design — ^To complete the 
description of the improved design after the welding of the case and fuel 


'fig. 14 Mmmmhlt la# lot Imi^* 
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Table XII— Cost of Arc Welding Case and Tank Structure, R-2042 to 
Completed Welding, Including Cleaning 



tv 



Labor 




Part 

Weight 

Mat. 

and 

Unit 

No. 

Total 

Lbs. 

Cost 

Over-' 

Cost 

Used 

Cost 


Material 

head 




MAIN STRUCTURE 

A. Gear case structure 




19 218 

$19 218 

1 

$19,218 





(A'1945 after machm^ 
ing coat here quoted is 
for A4945, previously 


1,660 8 


177 836 


1 

177.836 

K Tank and bottom struc. 



53 233 


53233 

(shown previously) 

C. Bolt / bfcck — 


7100 


53 233 

1 

Alloy Bar 

3 

$0 011 

.404 

.415 

4 

1.660 

D. Rear motor mount lug — 

Alloy Bar 

77 

293 

101 

.394 

2 

.788 

E Front motor mount lug. 
G. Clutch throwout abaft 

Alloy Bar 

27 

103 

044 

.147 

292 

1 

.147 

.584 

bearing blocL ... 

1020 Round 

28 j 

.080 

212 

2 

!• Brake lug (sub. 




.150 

.150 

2 

1 .300 

Rflifle blnrk 

Alloy Bar 
Alloy Bar 

8^ 

*'’.030 

206 

.236 

2 

' .472 

Side lugs...., 1 

.3 

.011 

178 

! 189 

4 

! .756 

J. Bolt lugs. 

Alloy Bar 

6 

022 

1 .043 


2 

1 .134 

K. Motor support 

L Left side (outer) of 

Alloy Plate 

51 

194 

221 

.415 

619 

1 

.415 

i 

i .619 

battery box... 

1020 Plate 

16 4 

.459 

160 

1 

M. Left inner side of 





418 

1 

.418 

battery box. - 

N. Right inner box of 

1020 Plate 

119 

.333 

1 

.085 


1 

.394 

battery box.... 

0* Right outer side of 

1020 Plate 

119 

333 

.061 

.394 

.619 


.619 

battery box 

1020 Plate 

16 4 

.439 

^ .160 

1 

P. Engine hanger filler 




[ 

.163 


.326 


Alloy Bar 
Weld Metal 

' 34 

.129 

i .034 

mam 

Weight of welds 

14 0 









iWBiwii 



Weight.... . ..24631 Total Ckist — „..4257.919 


tank-frame structure together, the bumper structure shown in Fig. 35 and 
the oil pan guard shown in Fig, 36 must be considered. The bumper structure 
actually uses less channel than the original model’s bumper did, and requinsi 
only cutting, bending, punching for the holes, and the welding on of two 
small end caps which are cut from special tubing to complete the structure. 
This bumper is fastened by four bolts to the end of the fuel tanks and com- 
pletely takes the place of the somewhat more compliated bum]^ structure 
of the original design. The oil pan guard consists of a single plate, dieared 
to size and bent, with eight small holt holes punched in it and two latter 
holes punched or flame cut in them, and a small notch k cut from one «de 
to allow a necessary clearance. This gives better protection to the CtB pan 
and motor than the original model's belly guard, and can be remenmi 
easily in the field by removing the eight capscrews which fallen it to the 
main frame bottom plate. 

The cost of fabricating the bumper structure and the ofl pan guard are 
shown in Table XIII and will be added together in a wramary of com in 
a later table for comparison with the original design. 

















SECTION IX— MACHINERY 


1067 


Table XIII — Cost of Bumper Structure — ^H-5668-3 as Completed Wcldir^ 
Cleaned, Ready to Machine 


Part 

Type 

of 

Material 

Weight 

Lbs. 

Mat. 

Cost 

Labor 

and 

Over' 

head 

Unit 

Cost 

No. 

Used 

Total 

Cost 

MAIN STRUCTURE.... 






1 

$0,715 

A. Mam channel 

Alloy Ship 





Channel 

59 6 

$2,260 



1 

3 842 

B. End caps 

6' tubing 

1.5 

.060 

■igl 

■Q9 

2 

.682 

Weight of welds 

Weld Metal 

.7 








MMlIiNlil 

BBDBi 

mBBm 


■■■■■■■■I 


Total Weight. 618 Total Cost 5 239 


COST OF OIL PAN GUARD H~5952--4B, CLEANED, READY TO MACHINE 
SINGLE PLATE Alloy Plate 74 4 $2 827 .848 $3 675 1 $3 795 


Could the Improved Welded Design Be Cast? — ^An examination of the 
main transmission case, fuel tank and frame structure shown m Fig. 27 and 
the parts of which have been described in the immediately foregoing para" 
graphs indicate that it would be impossible to case from low alloy, high 
tensile steel as one integral casting, on an economically practical basis, this 
improved design wheel tractor transmission frame. 

No attempt will be made here to predict the cost per pound of such an 
alloy steel casting as the complete transmission case and frame structure; but 
it would likely be more than the 19 4^ per pound which would have to be 
paid for the gear case structure alone as an alloy steel casting. Since the 
whole structure would be lO^feet long completed, and would require tests 
for oil tightness of the fuel tanks, as well as other special inspections, the 
price schedule per pound would be almost certain to be a higher cost per 
pound. 

Probably the greatest difficulty of all in producing such a casting would 
be the fact that it would be impossible, on a practical scale, to produce the 
fuel tanks, which themselves are over six feet long, usmg a low alloy, high 
tensile strength steel of %ednch section for the top and sides of the tanks, 
and J4''hich bottom plate throughout being cast integrally with the transmis" 
sion case and successfully make those castings without leaking, cracking, or 
being otherwiae imperfect. It would be impossible to cast a }4dnch baffle 
plate inside of the tank and to be able to inspect them properly to know for 
sure that they were satisfactory. Also, it would be impossible to assure the 
manufacturer that these castings were of sufficient strength m a comparable 
weight and sound enough to be relied upon within the realm of ordinary 
economic testing of such castings. 
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It would be impossible to use the same type of machinery set-up for 
machining the large case and it would be more expensive from the machining 
and handling standpoint if it were possible to make such a casting 

One of the biggest disadvantages in casting such a unit as this is that 
all of the work of making cores, patterns and other foundry processes 
preparatory to pounng such a casting must precede the actual pouring itself. 
Once a casting is poured, the whole unit is entirely dependent 
success of that one operation to produce a sound casting In the arc 
welded construction, it is possible to make substructures of from one to 
several parts, to fabricate them as small units where it is easy to get at the 
work, to inspect each part as it is completed and to fit the whole togetl^r, 
unifying them into one completed structure on a mass production assembly 
basis In this way the parts of many structures arc in process at one time, 
and the spoilage of one part does not seriously impede the progress of the 
whole order nor cause the scrapping of a completed unit 



It IS therefore safe to state that the manufacture by the uie of the iteel 
casting process of the improved arc welded design in the form in which the 
arc welded design functions the best, is not an economic possibility. The only 
way in v/hich a steel casting design can function with any degree of tttii-' 
faction for this unit, if the arc welding process were unknown, k in a deiign 
comparable to the original arc welded design involving a separate trinimis* 
Sion case, two ""'bolt on"' fuel unks and frames, and a separate bumper and 
belly guard structure. 

Even with such a design the cast units are heavier and more expensive, 

Comparative Cost of Cmndeted Frame A«embly~Ifi order to compare 
the cost of the new design for arc-wdded construction with the origtnai 
design, the cost of the unmachined structures plus the purchaieil mn$ 
involved in the improved design are shown in Table XIV, the driaili of 
which are illustrated in Fig, 37. 
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Table XIV — eight and Cost of Unmachined Case and Tank, Bumper and 
Tank Guard Structures and Purchased Accessory Parts for 
Complete Assembly 


Parts 

Weight of j 
Parts Used j 

Unit ' 

Cost 

No 

Used 

Total 

Cost 

Fiinal drive 





Case and tank str 

2,485 0 

$257 919 

1 

$257 919 

I>-1423 Dram plug 

.2 

0 052 

3 

0.156 

H-6881 Dram plug 

.1 

0.047 

2 

0 094 

C-1 540 Lock washer .. 

.2 

0.002 

8 

0 016 

01614 Capscrew 

1 0 

0.012 

8 

0.096 

Oil tank guard ... .... . . 

74.4 

3 795 

1 

3 795 

Bumper. 

62.6 

5.239 

1 

5.239 

C-1 541 Lock washer . . 

d 

0,004 

8 

0,032 

C-1525 Nut. 

.9 

0.014 

8 

0.112 

01629 Bok. 

15 

0.023 

8 

0.184 

Fuel tank cap 1 

22 

1.305 

2 

2.610 

Fuel strainer 

a 1 

.850 

2 

1.700 

05770 Plug 1 

1 ; 

.031 

2 

0.062 


Weight..... . . 2,628,6 TouKbht. $272 015 


The Items shown in Fig. 37, which represent the improved arc welded 
design for the wheel tractor frame, transmission assembly arc entirely 
comparable to the items shown in Fig. 27 tor the original arc welded design. 

The cost of machining of the separate structures and parts which go into 
this improved design arc obviously considerably smaller than in the original 
welded design. An itemised account of these coats arc presented m Table XV, 
showing the total cost of $8.57 lor machining on the improved design as 
compared to $50J5 for the original design, representing a reduction in 
machining coats of $41,58. 


» rufi imAmts 


« »«wt 


I • » * m%m ^ "• 

I #!t IliiW '«**»' 
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Table XV— Cost of Machining Parts and Structures (Labor and Overhead) 
for “Welded On” Case and Tank Structure, Bumper and Oil Pan 
Guard, (Omitting Machining Cost of Main Case and Parts 
Thereof) Equivalent to “Bolt-On” Case 


Part or Structure 

Case and Tank Structure. — 
— ^included parts 

Tank spouts 

Left fuel tank 

Equalizer pipe 

Mam bottom plate 

Pan screw lugs . 

Bumper bolt plate 

Bolt lug 

Bolt block. 

Rear motor mount lug... 

Front motor lug 

Bolt lug. 


Bumper structure 

Bumper channel 


1 Pre-Machmed 1 Machined as 1 

Number 

as a Part 

Structure 

Used 

— 

2 610 

1 

052 


2 

670 

- 

1 


313 

1 

1305 


I 

037 

— 

7 

278 


2 

087 


1 

148 



4 

085 



2 

092 


Z 

.102 


2 



1 

.234 


I 

.482 


1 


Oil pan guard | | I 1 _ 

T ~ ~ TZZTZ $B670 

Total Cost. - 

This $41 58 is not net saving, but a large portion of it is, as will be 
demonstrated shortly 

Another portion of the expense of making the completed tractor tranS" 
mission frame assembly such as shown m Fig. 5, again a comparable 

assembly in Fig. 37 is the assembling of the parts. The cost of aascmbly of 
the improved design is found to be $1 20 as compared to $11.04 for the old 
design, a rather significant difference. 

A summary of the difference between the cost of the completed and 
assembled frame made according to the improwd Of welding, 

and the ongmal arc welded design is shown in Table XVI. 

Tabic XVI— Summary of Analysis of Cost of Original Design (“Bolt.on* 
Tanks”) and Improved Design with Welded-On Tanks and Frame 


Cost of fabricated major structures and acccssory^ purchasfd 
parts (cost of machining structures not jncluded)*,*.....*.*. 
Cost of machining fabricated parts and structures, not 
eluding machming of gear cates (which arc compartbk 

and practically unchanged in the redesign)-.. 

Cost of atsembimg case, tanks, bumper and oil pan guards 
to form equivalent ‘kasc-tank- frtme'buraper-and-fuard 


Cost f Ir rt Cost 1 m proved 
Design Dwlfin 


2mM 


TOTAL 31 TM 

Diftrtncc m favor of new defign $4fJf 

Fcrctnttgc diferenct m favor of new la.SPw 


Dwifin 

212,03 


1.10 

’aiijf 
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This summames the items of cost which enter into the completed unit, 
and shows that there is a net difference of $45.15 in favor of the improved arc 
welded design over the original arc welded design, or a 13 8% decrease m 
the manufacturing cost of the completed unit. This does not give a cash 
value nor compensating cost to the 70 pound pulhhook structure embodied in 
the improved design and not in the original design, nor the 16 gallons addi- 
tional fuel tank capacity in the improved design over the original 


UX KoottvoNist. 



Fig. CtvnphXc proof oi fuodamontol oconomy of IxnproTod dioidgjnu 

Hg# 39« (right). Graphic proof of oconomy of wolded d««ign. 

Significance of Saving Due to Improved Design for Arc Welding — ^The 
full significance of the 13 8% reduction in the manufacturing cost of the 
wheel tractor transmission frame structure may be best shown by a statement 
of the fact that by the time the improvements on the design were made there 
were almost 100 of the original design tractors in the field. This means 
that the selling price for these units had been established, that the units had 
been tried in the field and found to be successful; and that the manufac- 
turer's profit schedule had been established and realized on the production 
of those 100 or so units of that model. In the light of good business practice 
it is safe to assume that the onginal selling price for these units would be 
set so as to allow the manufacturer a reasonable profit. He then might 
continue to produce that model, at that reasonable profit until competition 
forces him to change the design on the price. 

However, when he immediately improved his design and placed in pro- 
duction a unit which was superior to the original design cmbMying certain 
improvements including such items as the pull-hook on the bottom for 
snatch-loading, larger capacity fuel tanks, a more rigid and serviceable unit 
for field service, more streamlined appearance, all for a smaller coat; it places 
the manufacturer in the admirable position of being able to do one of two 
things: Either greatly increase his net jprofit, or deal with competition by 
reduction in price. This, since the prigs tor such a unit k already established. 

Pig. 38 graphically shows the significance of this profit due to redesign. 
The fact that an established product in the field was redesigned and made 
for 13.8% less cost, was made superior to the original product, and sold 
for the Mime price, aibws die manufacturer a mari^n of 11% more profit 
than he realized on die original design, (assuming a 20% profit on the 
original design). The mc«t important fart of this rituadon b diat the total 
number of dowre which were takem from the cow of manufacturing the 
product W improving design we transferred Immediately to the profit side 
of the laager without being divertaJ to sales expense or other phases of 
industrial co«t which had tone inaxcfmrated fit the setting up the original 
prkx sdheduk for the mdginal arc weld^l mo^. 
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Tig-. 40. Tleti «{ fiacfor-scraper nidta. 


It should also be borne in mind that the improvements made possible 
by the redesign or the refinement of the ongmal design could not have 
been made without the experience of making the original designed unit first 
and proving it out la the field on a production basis. This improvement of 
the original design is therefore one of the most significant sources of profit 
and economic margin in the manufacturing of arc welded equipment, and 
It is a step which cannot be taken and completely anticipated m the ongmal 
design. 

Gross Economy o£ A.rc 'Welding — ^The fundamental economy of manu- 
facturing wheel tractor transmission case and frame assemblies by the arc 
welded method rather by other available methods of modern industry is 
graphically shown in lig. 39. This shows the comparative cost of manu*' 
factunng such units using cast steel structures for the major units of the 
assembly compared to the original arc welded design as actually manu- 
factured on a production basis involving the production and sale ni over 
100, and then the cost of maraufacturing an equivalent unit by improved 
onginal arc welding design, based on production and sale of over 400 of the 
improved units. The improved design units cost 49.7% leas than a similar* 
but less refined cast steel design. 

Aside from the fact that it is a gross saving of 49.7% of the cost lining 
the improved arc welded design over the cost using the cast structures, 
It should be borne in mind that it is outside of the realm of economic practice 
to produce the improved welded design unit by casting and it k tmpm^ihlc 
by the same economic limits, or limits of process to manufacture the original 
arc welded design to the same strength and weight specification by casting 
as with the original arc welded design. 

Estimated Gross Savings Rcalbecf from Economy of Arc Welding-- 
After the first of February* 194 1, the improved design for tht traiwmissiim 
and frame structure had been proved and mass production of tlicm win Wgiin. 
In the next twelve months a total of 475 transmwion caaei and frame uttiti 
were completed. (428 of these had been assembled and shipped into the Held 
with their scrapers or other accessory equipment). 

Bearing in mind the fact that the improved model could nm he made 
within practical ccoooioic limits m a steel casting, but could po$«hly, with 
some concessions m design* be cast to produce the mme functional itriicturei 
m the original arc welded design; it follows that the difference htlwctii the 
mm of a completely assembled, impsovec! model arc welded mm and frame 
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assembly, and the corresponding assembly made by casting steel as above 
described is a gross saving in manufacturing of these units. The cost of such 
a transmission and frame unit using steel castings, including the alloy steel 
castings; the machining of the frame bolt bases; machining of engine han-^ 
gars; brackets, etc.; the assembly cost; and purchased parts was shown to 
be $560.28. 

The cost of the improved arc welded design (which included a 70''pomid 
pulhhook structure which was not included in the original welded design 
nor the cast steel cost estimate) was $281.89. 

The use of arc welding therefore allowed the manufacturer a gross 
saving of $278.39 on each complete transmission case and frame assembly 
of the improved arc welded design over that of such an assembly using 
alloy steel castings. 

The annual economy may be summarised as follows: 


Cost of units of cast alloy steel .$560.23 

Cost of arc welded units.-..—... 281.89 


Gross saving/unit by welding ..$278.39 

Number of each units manufactured during the 

first year 475 

Total gross saving by arc welding* — 

(575 X 278.39) = $160,074,25 


Possible Animal Gross Saving- — ^This wheeled tractor is a ""pioneering’* 
unit. In design it is sufficiently unconventional so that it is unlike any product 
of any existing major industry. 

Tne gross saving of over $160,000 in manufacturing cost by its manu*" 
facturcr by fabricatitig it by arc welding is of marked significance because 
it represents the ^nm savings realisjed on the first year’s manufacture of the 
improved design of the tractor. 

Production during that year was dependent upon available facilities, and 
was expanded from a maximum capacity of about 4 per week at the begin** 
ning of the year to a capacity of 25 per week by the end of the year* 

This expansiem was the natural result of the demand of the earth-amoving . 
industry for these new type units— a certain proof of their innate economy. 
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Rg. 42. Compccrativ© cost per cubic yard of earth moved on howU of l,0004eei 


Based on a production capacity of 2? units per week, the yearly possible 
gross savings on the manufacture by arc welding of the transmission and 
frame structure instead of using alloy steel castings would amount to the 
following: 

2? units/week for 50 weeks = 1250 units. 

1250 units @ a saving of $27S.39/umt =« $347,987. 50/year. 

It should be pointed out that the transmission case and frame unit wai 
selected as a typical example of the economy made possible to manufacturer^ 
of machinery by using high tensile alloy steels and the arc welding method 
of constructions. The transmission and frame of the wheeled tractor, weigh* 
ing about 2600 pounds represents only 9 percent of the 29,000 pounds, toul 
weight of the scraper and tractor without tires, motor and other purchased 
units. A comparable saving on the production, of the rest of the unit is 
reali:sed by this manufacturer, by taking advantage of the same fundamental 
economics of arc welding low alloy, high tensile steel, ao the above quoted 
gross saving is only a small portion of his actual, saving by using the arc 
welding method of production of his machmea. 

Sodal and Economic Development— Field engineering data based on the 

average performance of some 600 units of this wheel tractor in the field 
indicate that; as an earthmoving unit powered by a wheel tractor which 
essentially combines tractor power with track speed; can load i^If widi 
the aid of a pusher, and unload and spread to own material by iticlf mkhmt 
the aid of a spreading unit on the dump; this unit embodies certain topor^ 
tanfc economiei! m the earthmoving field which have not heretofort fc^ft 
possible. 

The fact that this unit may produced by the arc wel&d 
such splendid economy over any other method which could po«iblf be wdf. 
to produce it contributes considerably to this fundtmenml «»no»y in 
eaithmoving. 
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Actual field tests on jobs such as shown m Fig. 40 on a typical earth- 
moving job involving hauls over 1000 feet, using the number of the wheel 
tractor drawn scraper hauling units which best keep the pusher unit operat- 
ing, the cost of loading these units is, on the average, 1.5^ per cubic yard. 
Varying with the length ol haul, the cost per cubic yard of operation 
and maintenance of the units, the retirement of the onginal purchase price 
of the unit and the other direct labor expenses (not including supervision, 
grade bosses, surveying, etc,) is from five cents per cubic yard for 1,000 
foot haul to approximately 11 ^ for a 5',000-foat haul, with the cost rising 
proportionately for longer hauls. This unit unloads and spreads its own 
load to the controlled depth and distribution required on the job, requiring 
no longer to unload and spread, on the average, than a truck The large 
pneumatic tires on the scraper and tractor then pack the earth solid, as 
shown m Fig 41. 

The conventional method and an example of the typical equipment and 
for doing the s<imc work as described above, would be to use a twcxuhic 
yard capacity power shovel, a fleet of 15-cubic yard capacity trucks, and a 
spreading unit on the dump. Fig 42 gniphically shows the cost of such a 
method of carthmoving compaied to that using the wheel type tractor and 
scraper method. 

The material is loaded into the trucks by the power shovel, is hauled 
to the dump where it is dumped (an operation which takes time) and is then 
distributed by a spuMciing unit such as a tractor with a Bulldoiter mounted 
on it or a tractor-grader unit. 

The cost of these operations total about 4.6^ per cubic yard for loading 
and 1.5^ per cubic yard for spreading and packing. The cost of the haul is 
found to be no less (on the average) than the cost of using the wheel tractor 
and scraper, due to the speed and power of the latter (See Fig. 43) so the 
actual difference in total cost of earthmoving by the wheel tractor and 
scraper method compared to the shovel, truck and spreader method is (con- 
servatively) 4 6^ per cubic yard on hauls of over 1, 000-feet 

Enough of these wheel- tractor, scraper units arc operating in the field 
at the preanit time so tliat the yearly savings to the earthmoving industry 
on the units actually operating in the field may be estimated conservatively 
according to the following procedures: 

A* Yearly Saving™Thcrc are over 600 wheeled-tractor scraper units 
m the field today, (May IT, 1942) and because of the demand for new 
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Fig. 45. AH welded crone powered by iwo-wheel tractor. 



units it is safe to assume that all are in operation. Experience indicates tha 
the average number of these units per job is 5, and that one tractor pusher 
unit is used for each such job, (See Fig. 40). 

Assuming an average haul of 5.000'feet, these 600 units will average 
dy-cubic yards of earth per hour, or a total of 39,000'cubic yards per hour. 

Conservative estimate of production per unit is 20 hours per day, actual 
earthmoving for 300 days a year, or; 

39.000 X 20 = 780,000'cu. yards per day 

780.000 X 300 = 234,000,000'cu. yards per year 

Average saving per cubic yard by using wheeled tractor is $.046, on 

(234,000,000 X $.046 =) $10,764,000, total annual .saving made 
possible by using arc welded wheeled tractor and scraper units instead of 
conventional equipment and methods. 

What is the potential signifiance to society as a whole of this annual 
savings based on machines already operating in the field? 

Here are some of the things that could be done with $10, 7^0.000, bawd 
on the average bids submitted in 1941 on typical j'obs (See Engineering 
News Record." Construction cost number — ^April 23, 1942) such as these: 
$10,750,000 would: 

(A.) Build 4y0'miles of 22'ft concrete pavement at current prices; or 
(B.) Excavate and oil treat a road 26'ft. wide^ — 450'mile8 long; or 
(C.) Grade, drain and seed 61 typical class 3 airports with 3 landing 
strips 500'fcet wide by 4,000'fcet long; or 

(D.) Build 12,000'mtles of typical lO-ft. high flood protection levee; or 
(E.) Build 13 typical 500,000'Cu. yd. earth filled dams—with concrete 
spillways for flood control; or 
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(F.) Build a complete earth filled dam and power plant such, as Anderson 
Ranch Dam in Idaho — in which there are over 13,000,000 cu, yds. of excava^ 
tion, a section 1350-ft. long and 330-feet above the riverbed. 

Any of these would represent a significant improvement of the nation; 
and any one of them could have been built with money saved in one year 
on the earth moved by the 600 arc welded type tractor and scraper units 
in the field by May, 1942. 

B, Difference in Capital Investment to Move 234 Million Cubic Yards 
of Earth a Year by New and Old Methods — 

600 wheeled-tractors and scraper units @ $13,000 = $ 7,800,000 


120 tractor-pusher units @ $8,000 = 960,000 

Total $ 8,760,000 


To move the same 234 million cubic yards of earth 5,000-feet by the 
older method, using for example 2-cubic-yard capacity power shovels to load, 
15-cubic-yard capacity trucks to haul, and one spreading unit (a tractor and 
Bulldo2;er) or for each shovel and fleet of trucks. The capital investment 
represented is as follows: 


190 Power shovels (2-cu. yd.) @ $24,000 = $ 4,560,000 

1140 Trucks {15-cu. yd.) @ $13,150.,. = 14,991,000 

190 Spreading units (tractors ^ Bundo 2 ;er) @ 

$8,000 — 1,520,000 


Total .,42 1 ,07 1 ,000 

Investment for wheel tractor operation,,,....,,.. 8,760,000 


Difference,....,.,-,,..,,... ,..4 12,3 1 1 ,000 
Percent less capital investment in favor of wheel 

tractor and sc:nipcr method.,.,,......,...,,..,.,..,.,...,. 58.4% 


This reduction in necessary capital investment means (1) that many more 
construction projects can be bid upon by smaller contractors, and (2) many 
projects that could not be undertiiken by society in the paist because of being 
too expensive may in the future be undertaken because the reduced cost 
brings them within the limits of economic posiibility. 



Hi, 
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fig. 47. Lilting and hauling truck haring high spsud and nian»UT«al>iBtr. 


C. Difference in Man Power Required to Move 234 Milljon Cubic Yat^ 
of Earth by the New Method and by the Conv^tional Method— Using 600 
wheeled-tractor units and 120 tractortpushcr units to move 234 million cubic 
yards of earth, y.OOO-yards in a year would require 720 men per hour for 
operation alone, exclusive of supervision and other overhead personnel as 
follows: 


Wheel-tractor and scraper operators. 
Tractor-pusher operators 


600 

120 


Total men per hour 


720 


Using power shovels, trucks and spreaders to do the same work, the man 
power requirements per hour would be as follows: 


Power shovel operators 

Power shovel oilers helpers - 

Truck drivers 

Spreader unit operators 


.. .. 170 

190 

. ... 1140 
.... 190 


Total men per hour...... 1710 


Difference (1710-720)=- WO 

Percent less manpower per hour in favor of wheel type 
tractor and scraper method ...J2.0% 

The significance of this possible reduction of man power is simply that 
the efforts of one man can move a little over twice the amount of earth 
by the new method than by the old. Since many new Jobs will becomt 
economically possible, these men will still be used in the carthmoving 
industry, but more earth will be moved. 
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A Look Toward the Future — The 600 wheeled tractor and scraper units 
which have been placed in the earthmoving field since late in 1940 have been 
found capable of doing the work equal to that of 190 two cubic yard capacity 
power shovels (and their required truck fleets and spreading units) at a 
saving of over $10,750,000 per year. 

Conservative estimates of the number of power shovels in operation 
in the field at the present time, and of comparable si2;e to the 190 described, 
average approximately 10,000 power shovels. 

Since in less than two years, new and revolutionary type of arc welded 
wheeled-tractor and scraper earthmoving units, with a combined capacity 
equivalent to almost 200 power shovels have been placed in operation at such 
a significant skiving to the industry, it seems reasonable that even greater total 
savings will be reah^jed by society from the same source of economy in the 
next few years. 

There are other possibilities for the use of the arc welded wheehtractor 
in construction work or industrial work than for earthmoving as above out" 
lined. Figs. 44, 45, 46 and 47, illustrate applications which are indicative 
of a wider application and more extensive use of units which essentially are 
dejpendent upon the new wheebtype tractor and the arc welding method of 
fabrication for their construction, and which are being demanded by the 
industrial world in increasing numbers. 

The essential progress was made in the bold and unconventional departure 
from the conventional type of whecbtractor, or crawlcr^tractor; known m 
1940, by the design for fabncation by arc welding of a new powerful wheel" 
type tractor; and the improvement of the original welded design to an 
improved welded model which grew out of the experience of building and 
using the first welded model 



Chapter XXIV— Redesign of Main Frame for Tractor BuIIgrader 


By George W. Mork and Howard Squires, 

Engineer and Manufacturing Engineer, respectively, BucyruS'Ene Company, 
South Milwaukee, Wisconsin 



George W. Mork 


Subject Matter: A redesign by which 
structural members were butt welded ^ to 
small high production castings producing 
a strong, good looking bullgrader main 
frame at a reduction in cost. The old de^ 
sign required a large number of pieces 
welded together and large cuts for fittings. 
Failures occurred due to misalignment. In 
the new design, strength was added to the 
longitudinal side members by welding four 
plates in box form and using thicker plates 
at the top and bottom to increase the sec'* 
tion modulus where it was low previously. 
Comer sections were castings butt welded 
to the other members. This resulted in 
less welding length, fewer members to han^ 
die and finish, and a saving of $15.08 on 
the large frame. 



Howard Saolrtf 


The progress made in the art of electric welding during the past few 
years is as responsible for the development of modern earth moving equips 
ment as is the high speed Diesel Engine and its application to the crawler 
type tractor. 

Prominently included in the list of earth moving tractor equipment is 
the bullgrader, sometimes called an "‘angle do2;eri’. The industry builds 
hundreds of them each year and the problems incident with their develop*' 
ment have been many, as manufacturing production quantities are large and 
the competitive situation commercially is keen. All parts of these machines, 
regardless of size or importance, are being studied continually in order to 
further reduce cost and increase production. 

The purpose of this paper is to prove the possibilities of cost reduction 
of weldments through the use of composite design embracing structural mem" 
bers joined to small high production machine moulded castings, placed in 
complex sections through the use of full butt welded joints. For our example 
we have selected the bullgrader main frame, recently developed by theauthori, 
as one of the finest for which we have been responsible. It represents a just 
reward in low cost obtained, adaptability to increased prcKiuction with exist" 
ing plant facilities, elimination of waste, greater strength tecauic of smooth 
rtress flow, and improved appearance. 

At the present time, and for the past few years, our oempany it and 
has been building four sizes of bullgradfcrs for tractors of SO, 40, 50 and 70" 
horaepower. In 1941, total sales of the four sites was 1319 units. Our pno" 
duction quantities axe therefore fairly large for this tyf« dF heavy prcdiKt and 
small, as well as large, savings are important 

The specific frame which we wfll dteoibe and tnaJyie in di*w2 it that 
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which is -used with the largest machine, namely the one designed and built 
for the 70-horsepower tractor. Because of the many advantages gamed we 
have already gone into production on this size and will soon follow with the 
others. 

In order to obtain a broad picture of its advantages in cost, production, 
and function we will make a' comparison of the new main frame with the one 
which preceded it. 

Fig. 1 illustrates the completed bullgrader and the function of the main 
frame in the machine. Fig. 1 shows the digging blade in bulldozer position 
for straight work. The main frame shown in Fig. 1 is of the old design as wiU 
be outlined and described later. Fig. 2 gives a clearer view of the frame and 
how the blade and landside members are attached. This photograph also il- 
lustrates the old design. 





Figs. 3, 4, and 5 of the new design, the subject .of thfi paper, show in gmd 
detail the construction. The comer and center cMinp willj their hiitl welded 
joints, which will be described m full detail later, arc clearly viable in Pip. 
4 and 

The stress analysis of thm member, as is now quite apparent to the reader, 
m extremely complex and tU mxemm md&c maxtoiw Winp tr« high. 
fui design, from its functional standpoiiit, i# therefore quite 

With the exception of the center o^ing eie di wm 'ttiilidf 

febricated. its cm, although »iiaiewkl;^:lyih m. we hm low 
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prohibitive. The mam members are composed of ship channels welded to- 
gether at the flanges to form a hollow box beam. In order to obtain sufficient 
section to withstand vertical bending, reenforcing bars were necessary on both 
top and bottom. The forward diagonal beam was formed from two plates 
bent into channels, then welded together to form the box. A complicated 
unnecessary joint between this beam and the center casting was used because 
of our early fear of full butt welds. The corner construction was the best we 
could do with the fabricating facilities available, and, although strong, points 
of stress concentration were numerous because of overlapping of plates and 
bars. Under very severe operating conditions a few of these frames broke. 
These failurcvS all started in the welds at the inner corners between the side 
and forward beams and the comer plates. The computable stresses under 
maximum loading conditions at these points are within safe limits so the only 
remaining conclusion which can be drawn is that stress concentrations m 
the welds, because of misalignment of the corner plates and beam members, 
were sufficiently high to cause failure. 

When designing the new and now current frame, wc succeeded m entirely 
eliminating overlaps by the simple expedient of making use of small castings 
at the corners and center. These are formed in such a manner that after 
fully welded to the main fabricated members the four exterior surfaces are 
all flush. At this point, please refer to Figs. 3, 4 and 5. Note should be 
taken that the castings are designed to enter the fabricated beams so as to 
form back-ups for the butt welds and thus insure 100% welds on all sides. 
When designing in this manner to obtain smooth stress flow without inter'* 
ruptions, appearance of the finished structure is improved automatically. 
There arc no points of excessive stress concentration in this design as in the 
old, and consequently the frame is considerably stronger. Please note en- 
circled specification to '"grind all butt welds smooth with plate surfaces’'. Thi$ 
IS done to further insure against stress concentration. 

The longitudinal side members are built up of four plates, each, welded 
together at the ctirners to form the required box. This design permits the 
obtaining of the larger section modulus required around the horizontal axis by 
merely selecting thicker top and bottom plates rather than by t!ie addition of 
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plates and tlieir extra welds as in the old design Referring to Table I, we &d 
that for practically the same overall finished weights we have gained a slight 
increase (3 7%) in section modulus, to 42 3"3 in new owthe 

old design across section X-X and a fairly large increase (17 7%) 34.4 to 
40 5 "^ across Y-Y* the other critical section -r , , t tt 

A comparison of rough and finished weights, as taken from rabies 1, ii 
and IIL is mteresting. The amount of scrap steel due to cut-aways, ^tc. for 
the old frame is 154'pounds and for the new frame is 3 6''p ounds, or a diirer^ 
ence of llS-pounds per frame For a year’s production of 320 frames (see 
item 9, Table III), a total saving of approximately 38,000 pounds of st^l 
13 therefore realiited. Though only a small step, it is indeed in the nght ai" 
rection especially during these hai^ardous days when the problem of waste is 
so important to us all. 







Of greater importance arc the many advantages which the new 
hai over the old from a production standpoint. Not only hit the iitmt lifccr 
a»fe been materially reduced (2L7%)» (S« Table IV), but tte niwbw 
piec*s which go to make up a complete frame has been reduced firom 4S far 
llws old to 31 for the new, a total of 28%, (fe Tablet I ind II)* TTws 
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saving m indirect labor cost which this represents, cannot he computed but 
when one considers that every operation on each piece is rated and the piece 
routed for those operations and also that travelers and blueprints must be 
prepared, one can reali 2 ;e immediately the tremendous importance of this 
reduction. The indirect cost saving in this instance will actually be con- 
siderably more than shown in item 11, Table III. 

We have prepared an accurate break-down of the actual direct labor 
costs of both frames in Tabic IV Of interest first m this tabulation is the 
omission entirely of operations 7 and 8 for the new frame. The planer 
operation has been reduced 66% because the four plates require no weld 
preparation, whereas the channels do. 

Hand welding has been reduced approximately 13% but this reduction 
IS due primarily to the saving in fit-up rather than to welding as the amount 
of actual weld deposition is 22.27 pounds for the old frame and 24 58 pounds 
for the new. We believe, however, that a further saving can be made by 
reducing the $is:cs of the butt weld preparations, and experimental work on 
this point will soon be started. 

Automatic welding has also been reduced primanly bccjiusc of less 
handling. The footage has been reduced from 95-fcct to W-fect 

Another substantial i eduction is in the dressing time, item 9. Butt welds 
arc easier and quicker to dress. 

The total saving in hours is the difference between the two totals, 29.693 
and 23.223 or 6,470 hours which represents a net direct lalxir cost saving 
of $6.46 per frame, or a total works cost saving of $15 08, in spite of the 
slight increase in material cost, (Sec Table III). It is interesting to note that 
the yearly saving amounts to $4820 

A further advantage of our new frame design is its ability to lend itself 
well to sub-assembly units deliveied to the welder. As delivered to the welder, 
these sub^assemblics consist of the following for the new frame* 

2* Trunnion adapter castings 
2— Side fvams (weldi'd on machine) 

2* '"Corner castings 

2’' -Forward diagonal fvams (welded on machine) 

2 - Clevivii 

1- * CentiT c*%sting 

1 1 —Total pieces 

Tlic pieces formerly delivered to the welder for the old frame were, a$ 
follows: 

2— Trunnion adapter castings 

2* ' Side Warns (wcldnl on machine) 

4-' Corner knee brace plates 
Diaphragm platrs 
2— Inridr Kirs 
2~End plates 
2— CIcviw 

2— Forward diagonal Warns (welded on machine) 
t«— Center calling 

19~Tottl pie« 

Tic tiinc in the haiidhng of these units m reircted in tht wridini 
toic m preidously, imiimiich as the numWr of uniti hm Iwm reduced 
ffttMi If IL 
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7# (left). Arc welding the hcnne in speciod Hxture* Fig. 8# (right)* Fbdnre rolcrledi fw 

welding. 


For assembly of the various units into the completed frame, a large atcc! 
surface plate is provided on which removable pedestals are tolted to give 
proper location of the parts. This allows for a convenient method of handling 
the several sisjes produced and considerably reduces fixture expense m well 
as simplifies fixture storage. 

With the frame assembled in the horizjontal position on the plate, (See 
Fig. 6), the horwntal sections of the butt welds at the corners and center 
and the fillet welds at the trunnions are laid. The frame is then turned over 
about the trunnions and the other horizontal welds laid. After these opera-* 
tions the frame is placed into a large revolving fixture attached to the wall, 
(See Figs. 7 and 8), and the welding completed. All weMs are therefore 
positioned for best welding results. The frames shown in Figs. 7 and 8 arc of 
the old design, but the same fixtures are used Just as conveniently for tlic new 
frame. 

As stated before, this design of frame has already adopted for the 
iize covered in this paper and vril! be adopted for the other sizes m soon as 
possible in order that further savings be realized. 
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Table I 

Matenal Cost— Old Frame 


No 

Req’d 

Description 

Fm. 

Weight 

Rough 

Weight 

Cost 

2 

Trunnion adapters 

43 

43 

$ 460 

1 

Center casting 

121 

130 

10.15 

2 

Connecting rod devises . 

98 

108 

5 40 

2 

Channels 

428 

432 

1100 

2 

Channels 

390 

402 

10.25 

12 

Plates 

448 

535 

17 05 

4 

Plates 

81 

85 

2.17 

2 

Plates - 

10 

10 

.26 

2 

Plates 

24 

25 

.64 

4 

Bars 

246 

257 

7.32 

12 

Bars 

31 

35 

1.00 

4 

Bars 

12 

13 

.37 

2 

Bars 

32 

36 

1.03 


291 Fleetweld.. 

22 

29 

1.89 


34f Union Melt 

34 

34 

9.87 

51 

TOTALS 

20201 

2174# 

'$83.00 


Wastage- Rough minus finished 

weight 154# 




Table n 

Material Cost— New Frame 



Description 

Fm. 

Weight 

Rough 

Weight 

Cost 

2 

Trunnion adapters 

64 

64 

1 6.15 

2 

(Jorner tastings 


206 

16.06 

I 

Center casing 


129 

10,07 

2 

ConniTiing ual iJcvhcK .. .. ,, 

50 

62 

3.10 

4 

Plates 

658 

658 

16.80 

4 

Plates 


438 

11,17 

12 

Bars 

30 

33 

S4 

4 

Plates 


443 

11.30 


32| Fleetweld 

...... .m.a... .... . 24 

32 

2.08 


28f Union Melt, 


28 

8.12 

31 

TOTALS 

2057# 

2093# ” 

$85.79 


Wwitage- Rtttinh miniii finished wfi((ht 361 
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Table III 

Cost and Weight and Other Comparisons 


Rough Weight 

Finished Weight 

Difference — ^Rough and Finished Weights 

Section Modulus X-X. 

Section Modulus Y-Y 

Total number of pieces in frame 

Manufacturing or Production Quantity 

Total Quantity 1942 Production 

Direct Labor Cost — Lots of 60 

Inirect Labor Cost — Lots of 60 

Material Cost 

Total Works Cost 


Old Frame 

New Frame 

2174 

2093 

2020 

2057 

154 

36 

40.8''» 

42 3*® 

34.4''* 

40.5*« 

43 

31 

60 

60 

0 

320 

$ 29 81 

$ 23.34 

52 20 

40 80 

83 00 

85.79 

165 01 

149.93 


Saving per frame (work cost) 

Percentage saving 

Saving per construction of 60 frames 

Saving for 1942 production — 320 frames 


$1?08 
9.nfo 
904.80 
$482V 60 


Table IV 

Direct Labor Comparisons 


Operation 

Rate 

Hours 

Cost 

Shear — 

.85 

675 

$ .573 

Planer 

1.04 

1.740 

1.810 

Weld (hand) 

105 

15100 

15 900 

Weld (automatic) - 

.91 

4.810 

4.380 


85 

,438 

.373 

Press Brake (2-'Men) . 

1.79 

.403 

.722 

Ptand Burn 

.95 

.755 

.718 

Shaper ... 

.84 

•111 

.093 

Dress — ... .. . 

.91 

4.220 

3 840 

Drill 

.96 

.815 

.783 

Boring Mill ..... — 

.98 

.626 

614 


TOTALS 29.693 *29.806 


Percent reduction in Direct Labor Cost 


29.806 — 23.340 


X 100 » 21.7% 


New Frame 


Hours 

Cost 

.364 

* .309 

.582 

,605 

13.100 

13.750 

3.880 

3.540 

.240 

.204 

.288 

.516 

3.401) 

3.090 

.769 

.738 

.600 

.588 

23.223 

' $23,340 


29.806 


Chapter XXV — ^High-Temperature Vacuum Fractionating Tower 

By Egon F. Brummerstedt, 

Mechanical Engineer, Petroleum Division, Foster Wheeler Corp., J^ew yor\, Isf, T, 



Subject Matter: Problems solved by the use of arc welding in 
the design and construction of a 33^foot diameter vacuuim frac- 
tionating tower which is one of the largest individual units qf 
equipment ever used in an oil refinery. Welding permitted the 
use of steel bubble trays instead of cast iron with a saving of 30% 
in the cost of trays and a considerable saving in weight. Detail 
strength, sixe, weight and welding calculations are given for aH 
parts of this unit. The welded construction saved $36,860 as 
compared to a riveted unit and was erected in two months’ less 
time. 


Egon F. immmorsteSt 


New methods of design and construction by arc welding were used in the 
erection of one of the largest fractionating towers ever erected at a petroleum 
refinery. The design and construction of the 33-foot diameter arc welded 
steel trays, the method of design for vacuum operation and the design and 
attachment of the vacuum stiffeners are believed to be unique in the refining 
industry. As noted, the savings in cost, time and materials required were 
considerable by this method of construction, the last named being most im** 
portant in the wartime period. 

Although the calculations are given in detail they are essentially of an 
elementary nature. The article was written several months before actual 
constxuaion of the vessel began and tibe photographs induded in this put^ 
lication were submitted later to suteantiatc the description of the method of 
construction. 

The identity of the oil company building this tower and its loation can* 
not be disclosM at this time. The author nevertheless acknowledges the 
cooperation of the owner in supplying photographs and authorising pubHca^ 
tion of the article. He alio expresses hui appreciation to his assodates in the 
Petroleum Refinery Division of the Foster Wheeler Corp. for their am* 
stnictive comments. 

Many problems were solved by tbs u« of arc welding in the derign »nd 
construction of a 3 J Toot diameter vacuum fractionating tower, <me #f the 
larger towers in cxisteicc and also one of the largest individual units erf 
equipment ever umd in a refinery. 

The author'i firm was asked a pmmmmt rc&iing company to deigti 
and mnmmct a wcuum itage addition to supplanent a crudb stiflll in^lW in 
1940. The high latcd aimdty of this uniti 37,0{X) Imrreli per opemting day, 
and vacuum c^rtlto of the fractionating toww* in a rqiuirw 

diameter of 33Teet, To obtitn the difftitnt products, mainly different giades 
tif lubricating oils, twelve 33Toot diameter bubble twifs were required, in 
addil&» to «vcral of in the and hmm of tlw tower. 

The cli» fttctoatiofi lequfrmncnts of a vacuum tower dfetermined many 
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features of the bubble tray design, such as number, size and spacing of vapor 
risers, maximum allowable deflection of supports to insure steady liquid rlow 
and constant level, and spacing between trays. 

The process requirements resulted in the arrangement shown m rig. l. 
The following details and problems in connection with this tower were solved 
by the engineering staff of the firm, and approved by the customer. Amount 
of electrodes consumed, cost of matenals, labor, and production given are 
based on the firm’s welding shop standards. 
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Fig, L (left). Vacuum fracaonating tower arrangement drcrwlnf. 
Fig. 2, (right). Fractionating tower bubble cap and riser assembly. 


The first and most important problem was the design and construction 
of the bubble trays. From the arrangement sketch it can be seen that the 
following IS the total tray area: 


No. 

Trays 

Diam 

Ft. 

Area per Tray 

Sq. Ft 

Total Area 

Sq. Ft. 

3 

14 

154 

462 

12 

33 

855.3 

10,264 

2 

29 

660 5 

1.321 

2 

24 

Total tray area 

452 4 

for tower 12,952 sq ft 

905 


This total area shows the importance of designing a tray with the lowat 
overall cost per square foot, including decking, caps and supports, which 
would meet the general requirements. These included: 

I — ^Twodneh inside diameter vapor nsers with S^nch LD adjustable caps 
spaced on 4.5dnch equilateral triangular pitch, resulting in 5396 risers per 
iS^foot diameter tray 
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2 — ^Maximum deflection to be ^Q^mch with a liquid load 2'mche5 above 
height of weir With a normal weir height of 3 "inches, this meant 5 "inches 
of liquid, of specific gravity not exceeding 1", or 26"pounds per square foot, 
to be added to the weight of the tray itself. 

3 — ^The maximum length of flow across the tray at any one elevation of 
the plate is not to exceed 5 "feet, requmng 6 levels of 2"inch differences in 
elevation per tray, or a total of 10"inch difference in elevation across the 
tray. This was necessary to reduce the hydraulic gradient and insure a steady 
flow and fixed liquid level On this depends the uniform passage of the 
vapors through the slots in the caps, and the correspondmg efficiency of 
fractionation. The adjustable height of caps also helped insure close fractiona" 
tion and low pressure drop through the tower. 

Several types of tray matenal were considered. For smaller diameter 
towers, cast iron sections of ^"inch minimum thickness are generally used. 
The weight of these cast trays with a large number of small caps is approxi" 
mately 60"pounds per square foot, (based on previous experience) which, 
added to the liquid load, makes the resultant load of 86"pounds per square 
foot almost impossible to support with a deflection of only Yi^'inch in a span 
of 3 3 "feet 

A rough layout of the excessive supporting steel was made, and the total 
cost per cast iron tray estimated as follows 


25,000 lbs of supporting steel @ $0.12 = $3,000 

51.300 lbs of cast iron @ 0 10 = 5,130 

Assembly bolts and gaskets 500 

^{2 pattern costs 400 

76.300 lbs installation of above @ $50 ton 1,900 


$10,930 
(Or $12.80/sq ft.) 

This does not include the additional cubic yards of concrete for founda" 
tions due to this excessive weight Neglecting that, the cost of cast iron trays 
and supports, therefore, amounts^ to 12,952"square feet, @ $12 80 = $1 65,800 
A semipermanently installed tray of Vc'^^ch plate steel was considered 
and rejected because of the same excessive supporting steel, and differential 
expansion was feared because of the high operating temperature (750®F.). 
This installation required ^4"inch corrosion allowance on all exposed surfaces, 
and this thickness resulted in a total cost of $13 50 per square foot or more 
than the cast iron tray. 

By making the tray section removable through 14"inch x 30"inch oval 
manholes installed in the shell at every tray interval, and thus makmg them 
quickly replaceable, the corrosion allowance can be omitted and a thinner 
steel plate used, thus effecting a tremendous saving in weight and materials 
and making it more practicable to, meet the ^(^"'mch deflection requirement. 

On this basis, a final design meeting all previously mentioned requirements 
was laid out Its most important features indicate the importance of arc 
welding in this type of construction; in fact, no other method would have 
been very practical, not to mention the considerable savings involved Fig. 2 
shows the method of attaching the adjustable bubble cap and vapor riser to 
the tray deck, which is of 10-gaugc carbon steel plate in accordance with 
ASTM A40 specification. 

It will be noticed that arc welding is required to properly attach and seal 
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the vapor riser to the deck plate and that the adjustable cap is supported by a 
welded attachment of the cap stud and two bent bars to the top of the riser. 
This was the final approved design. Approximately 0 10 pound of electrode 
was consumed per riser, makmg a total of 8240 pounds reqmred for the 
82,400 assemblies provided for the tower The cost per cap assembly, including 
cap, nipple, stud and two nuts, is approximately $0.50, exclusive of attach- 
ment to plate. A firm speaalizing in this type of fabricated product bid a 
total $92,600 for all 19 trays, includmg all deck plates, caps, risers, assembly 
bolts, trusses and supports except the mam beam. This was an average or 
$7.15 per square foot. 

With this basis the followmg cost per 3 3 -foot diameter tray was calculated 


as follows: 


Tray deck, caps, risers, trusses and minor supports. 
Mam supporting beam — 

(half of built up 2'tray girder) 


Est. Wt. 

Lbs. 

. 30,000 

. 5,000 


Cost 

$6125 

600 


35,000 

Install 17.5 tons @ $50 per ton 


875 


Total cost per tray. 


$7600 
(Or $8 90/sq.ft.) 


This IS a saving of $3.90/sq ft or 30% less than the cast iron tray. The 
total saving for the tower is, therefore, 12,952 @ $3 90 = $50,500 The 
saving in weight is 41,3004bs per tray or 43.8-^ /sq ft. This is a 

total weight reduction of 567,000 lbs, and is 54% less than the weight of 
the cast trays. 

An even more important consideration is the speeding up of delivery. By 
saving the time required for making patterns, and for excessive machining 
which would have been required on the castings, two months of construction 
time were saved. 


Beam Calculations 

The problem of Yx^'mch. maximum allowable deflection was solved by 
the use of a built-up welded girder of such depth as to support two of the 
trays, as shown in Fig 3. 

The beam was bolted to seats welded to the sides of the shell, and to 
guide lugs welded to correspond with the top of the beam A J/^-inch 
corrosion allowance was added all around to insure that the support would 
outlast the tray, and that the latter could be replaced without the former. 
The four ^-inch continuous fillet welds 33-ft long required 220-pound$ 
of welding wire (electrodes) per beam, or 1320-pound8 for the six major 
beams If riveted construction had been used 4 L"s 6-in. x 6-in. x 1-in. would 
have been required for the flanges mstead of two plates 14-in. x 1-m. This 
amounts to an additional weight of 1800-pounds per beam, or 17.5% excess 
over the welded beam weight of 10,300-lbs , exclusive of the nvets. 

The followmg calculation indicates selection of beam to meet the dcflcc** 
tion requirements and checks the strength of the fillet welds. 

With a large-scale layout the tray area supported by the beam was cal- 
culated to be 500-sq ft or 58 5 percent of the total tray area. 



SECTION IX— MACHINERY 


1093 


Weight of tray material for 500 sq ft 
Weight of liquid @ 26 lbs /sq ft 


Pounds 

17,500 

13,000 


Weight on one tray. 


30,500 


Weight on two trays. 
Est weight of beam... 


61,000 

10,500 


Total load. 


71,500 


The beam is supported on 12 -in honzontal stiffeners, leaving unsupported 
span of 31 'ft 

I value needed for ^^Q'lnch. deflection 
5 WL« _ 5 X 71,500 X 372« _ 3 , 

^ “384 Ed 384 X 23,200,000 X -0625 

where 23 2 x 10 ® is the modulus of elasticity of steel at the design tempera- 
tore of 800 degrees E. Assume beam consisting of a web plate H'ln x 64'in 
and two flange plates %'in x 14'm 


Then per Fig 3, 

I of web plate 

I of flange plates 
I of beam 


= 7? X 643 ^ 

12 12 

b(d3_di3)=i3 75(65.753—64 253) _ 


12 


12 


16,384 

21,786 

38,170'in.* 


This is, therefore, ample. 

Adding Vs'in. corrosion allowance to all exposed surfaces of the beam, it 


requires — 

1 web plate l-in. X 64'in = 5 33 'sq. ft./ft. 

2 flange plates I'ln X H-in. = 2.33'sq. ft/ft 


7 66'sq ft./ft. 

Total weight of beam = 7.66 X 32.67'ft = 2 50'sq ft @ 40 8'Ib./sq. ft. 
= 10,200 lbs , which is within the estimated weight. 

Maximum bending moment: 

3,325.000 in.-lb. 

8 8 

Unit tensile stress in extreme fibre after corrosion: 

MG 3,325,000 X 32.875 
I “ 38,170 

Allowable tensile stress of fillet weld @ 800°F. = 18% of tensile strength 
(API'ASME Code) = 55,000 X -18 = 9900 psi ^ 

Efficiency of fillet welds for structural (Group C) steel = 51% (API- 
ASME Code) 

Maximum aDowable working stress of weld = 9900 X 1 = 5050 psi. 

This is considerably more than the stress in the beam flange. The net 
area of two |4'inch fillet welds after Y^'inch corrosion, measured across the 
throat, = 2 (.75 cos 45° — .125) = .810 sq. in. . . . 

This being greater than the •^-inch web and fliange plate, it is suraaent to 
transfer tbe stress from one to the other, and prevent flange slippage by 



1094 


STUDIES IN ARC WELDING 




2^ K*lO£fA. gl^Heu 


CLif^KAUCE ffg. 

Expansion 
2 ."^ NcLti NTkujs 

o*jfl6oi/T ifcrx^s 




*/ 0 iiA xfi "eaps 5 pa WEioet \ 2-1 fat/4 

J {Ta P^t.fiN6es ON fl&QUT /2 Cm \U,r4 1 WSubSi 


L 


jL 


NgLOS/il^ 

Bach Eap. 
a/EAcHFum 


Fig. 3, (left). Detail oi mam tray beam. Fig. 4, (right). Minor tray support trapezoidal truss. 


resisting the maximum hori 2 ;ontal shear at the ends of the beam Similar 
calculations were made for all other beams and minor supports 

To provide a seal, 2 y 2 ^mches X 2 y 2 'inches by ^^inch circumferential 
angles were continuously welded to the shell at the level corresponding to its 
tray section and the latter bolted to it This attachment could only be made 
by arc welding A |X 4 ''inch fillet seal weld was used to allow for j/g-'inch 
corrosion, the total number of feet being equal to the perimeters of all 19 
trays, or 17I0Tt @ 3db /ft, = 513dbs of electrodes Every tray section 
of different level ended with an adjustable weir, bolted to an angle welded 
to the tray deck Seal angles were welded to the minor support beams and 
channels The trape 2 ;oidal support trusses, on which the tray sections were 
clamped together were of bent lO-gauge plate with lateral bracing bars 
spot welded to the bottom flanges (See Fig. 4) 

Summari 2 ;ing, it may be stated that arc welding was used wherever attach' 
ment was permanent, only at removable joints were the tray sections joined 
by clamps, bolts, and gaskets 

Experienced operators claim that this type of tray construction is only 
locally bent and warped in case of a sudden "‘shot of water’’ in the tower; 
castings would be torn loose and crack and result in a ‘‘cascading” of damage 
to the bottom of the tower. Therefore, less off'Stream time would be required 
for replacement and repairs. 

In the event that corrosion is greater than anticipated, the carbon steel 
tray plates could be replaced after the war with an identical tray of 12 — ^14 
per cent chrome alloy steel, which would cost approximately $5 per square 
foot more, but would be corrosion^resistant 

Design of Shell and Heads — ^The trays being now completely designed, 
the shell proper and all attachments can be laid out and checked. Because of 
its sizCy the shell must be assembled and welded on the refinery site in the 
field. All parts that can be readily shipped will be prefabricated in the shop 
and shipped in sections ready for field assembly. 

The arrangement sketch states that the design and construction are to 
be in accordance with the “APTASME Code for the Design, Construction, 
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Inspection, and Repair of Unfired Pressure Vessels for Petroleum Liquids and 
Gases ” Paragraph W-403 of this code limits the out-of^roundness of the 
shell, that is, the difference between the maximum and minimum diameter 
of any cross-section along the length to ^-inch In a vacuum tower the 
resistance to collapse is inversely proportional to the out-of-roundness, there' 
fore this requirement was reduced to what seems an absolute minimum of 
54-inch Another severe tolerance requirement was the alignment of all tray 
support beams and attachments within ^ g-inch of a level plane perpendicular 
to the axis of the tower. 

The shell thickness was checked for the internal design pressure of 30- 
pounds per square inch and l/ 4 'mch corrosion allowance in accordance with 
the following formula in paragraph W-309 of the API-ASME Code: 


pD 


2sE — p 


P 
D 

s = 


where t = thickness of plate in inches, 
design pressure (internal) psi, 

inside diameter in inches before corrosion allowance is added, 
maximum allowable working stress corresponding to the design 
temperature (psi), 

E = efficiency of longitudinal joint, 
c = corrosion allowance m inches 

D in inches =12X33 = 3 96 + 2 X corrosion allowance. 

= 396 + 0 5' = 396.5 in (net or corroded LD.) 

s at 800®F. = 18% of minimum specified range of ultimate tensile 
strength at atmospheric conditions^. ASTM-A'70 flange quality steel having 
a minimum of 55,000 psi tensile strength, s = 55,000 X *18 = 9900 psi 
E for flange quality steel (Group B) without a factor for stress-relievmg 
or radiographing (which is impractical because of the field welding) is 78% 
(Pars. E-318 2 and W-319 of APTASME Code). 

Substituting, 

t 


30 X 396,5 


■30 


.25 = 1 0217 or 


(2 X 9900 X .78) 

Thickness of hemispherical heads required to resist an internal pressure 
of 30 pounds per square inch is calculated by the formula, 

t = ^+c 

4 s E 

where Dm = mean diameter of the head flange, the other factors arc the 
same as given in the shell formula above. Assuming t = 1 inch, approximate- 
ly as in shell, and substituting, 

t 

4 X 9900 X -78 ^ 
t = .386 + .25 = .636 in. 


Because of structural loads and stability against wind pressures, and for 
uniformity of construction, the heads are usually made at least as thick as 

See Fig. 1, API'ASME Code for the Design, Construction, Inspection and Repair 
of Unfired Pressure Vessels for Petroleum Liquids and Gases 
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the shell, even though hemispherical heads are subject to only half the Ixoop 
stress in the shell. A head of this siije could not have been practicably fabric 
cated out of plate thinner than that required for the shell without causing 
undue distortion during the welding process 

Design for Vacuum Operation — The calculation of the thicimess of the 
plate required to resist external pressure is based on the method employed 
by the ASME Boiler Code, Section VIII for Unfired Pressure Vessels, except 
for adjustments for factor of safety and temperature j- . 

Reference is made to Fig U^19 on page 90 of the 1940 ediUon of this 
section of the above code, which is a chart for determining shell thickness 
of unfired cylindrical pressure vessels subjected to external pressure when 
constructed of steel with a minimum tensile strength of 55,000-pounds per 

square inch j i r 

The theoretical and empirical equations involved and the basis ot con- 

struction of this chart are presented in the article “Vessels Under External 
Pressure” by D. F. Windenburg, published in the August 1937 issue of 

“Mechanical Engineering.” j- ^ j i. 

The t/D lines on this chart are based on a factor of safety of 5 and the 
following physical properties of steel at room temperature 

Yidd point St = 27,500 pounds per square inch, in accordance with 
A S.T.M Specifications for 55,000 pounds per square inch mmimum tensile 
strength steels 

Modulus of elasticity E = 29 X 10® pounds per square inch. 

Poisson’s ratio u = 0.30. 

Where the t/D lines are honnontal in the upper left hand comer of the 
chart, the formula used to determine the worbng pressure p is: 


5 p = 2 St (t/D) 
105 


( 1 ) 


This IS merely the hoop stress formula with a 5 per cent reduction factor 
applied to short vessels. 

The region where the t/D lines are sloping applies to vessels that fah 
by instability at stresses below the yield point The following formula is 
used here to determine the working pressure: 


2 60E (t/py/^ 

’^~(L/D)— 045 (t/D)V2 


( 2 ) 


Where L = length of vessel between tangent lines or between centers 
of circumferential stiffeners measured paralled to the axis, in inches,' and D is 
the outside diameter of shell in inches. A discussion of this formula and its 
derivation are given m a previous article by D. F. Windenburg and C. 
Tnlhng, “Collapse by Instability of Thin Cylindrical Shells Under External 
Pressure”, published in ASME Transactions, Vol. 56, 1934. 

In this case, stiffeners were placed on 6Toot centers to correspond to 
spacing of main tray support beams, therefore L == 72dnchcs. Assuming 
thickness is approximately 1-inch per internal pressure design, D = 396 + 
2 X 1 = 398-inches 


Then, for LA> - 181. preeme p of 


15 pounds per square inch (for vacuum)' the corresponding value of t/D on 
Fig U-19 is .0Q2. 

Therefore t = 002 X 398 = ,796-mch. 
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This figure is then adjusted for the factor of safety of 4 as specified in 
the APTASME Code, or .796 == .637''inch. 

This being the required net thickness at room temperature, a final adjust- 
ment must be made for the design temperature of SOO'^F, Since the coordi- 
nates of this t/D point on the chart appear on the sloping part of the t/D 
lines, the adjustment for temperature depends on the corresponding vanation 
in the remaining variable in the equation for that part of the chart, that is, 
E in equation ( 2 ) . 

The following formula for the modulus of elastiaty at temperatures above 
normal was originally presented in the ASME Transaction for 1928 and is 
now published m chart form in ‘"Piping Handbook” by Walker and Crocker 
(McGrawHilI Book Co): 

Where £32 = E at 32‘^F , that is, 29 X 10® psi 

For SOO^^F., E = 23.2 X 10 « psi 

29 0 V 10® 

Then the corrected value for t at SOO’^F. is .637 ^ 23Tx~To® •796-in. 

Coincidentally, the opposite adjustments for factor of safety and temperature 
in this case are compensating 

Adding 54''inch corrosion allowance to the above, the total thickness 
becomes .796 + 25 = 1.046 or l^a-mches. 

This is, therefore, the governing shell plate thickness The heads arc 
made the same for reasons of uniformity in welding and structural and 
hydrostatic loads, as explained above. 


Design for Vacuum Stiffeners — ^A standard formula for the buckling load 

3 E I 

of a circular ring under uniform external pressure is q = — where q is 

the load per unit circumferential length of the ring and r is the radius of the 
neutral axis of the ring. 

For safety in design the external load is increased 10 per cent. 
Calculations and tests show that the combined moment of inertia I of 
the shell and stiffener was anywhere from 30 per cent to 70 per cent greater 
than the I of the stiffener only. The lower limit of 30 per cent was conserva- 
tively adopted, and a formula derived omitting the effect of the shell from 
the strength of the stiffener entirely. 

Substituting in the above formula I = 1.3 Is, LI (4p) L =: q, and D /2 
^ it becomes 

^ 0.140 D«pL 


Where is the required moment of inertia of the stiffening ring. Substituting 
the necessary values, 

T 0-140 X(398)»XnX72 _ .^ 

- 23.2 X 10* ^ 

In order to avoid atressea due to differential expansion the outstanding 
member of the stiffener was to be attached to the mside of the shell (it would 
have been difficult to provide insulation around an external rmg) and thus 
would have the same temperature as the shell to which it is attached. The 
final deragn and corresponding calculations are shown in Fig. 5 . 
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Design of Supports — ^For a difference in temperature of approximately 
700°F between erection and operation, the tower would expand 1%'mches 
m diameter, pushing each column at the tangent line out from the center 
by ^-inch. Fixing the base of the columns by anchor bolts would, there-' 
fore, create high stresses in the columns and the attachment welding to the 
shell Because of the large diameter and total weight of the tower, the over' 
turning moment due to a commonly specified 30'pounds per square foot wind 
pressure on the projected area was not big enough to overcome the stability 
of the tower, hence the column bases need not be fixed It was, therefore, 
decided to elimmate these thermal stresses by allowing the columns to 
expand with the tower, on 6'inch diameter steel rollers The columns were 
designed on the basis of a complete hydrostatic test, with a total load cal' 
culated as follows: Approx. 

Wt.Lbs. 


Tower shell, attachments 6? beams 800,000 

Tower trays fe? minor supports 450,000 

Water for hydrostatic test (58,000 cu ft @62 4).— 3,620,000 

Insulation 80,000 

Piping 20,000 

Platforms 10,000 

Booster pumps and barometic condenser 150,000 

Total weight supported by columns 5,130,000 


Because of the rollers, the columns were made as short as possible, m 
the form of brackets, just long enough to have the head clear the concrete 
nng Most of the water load being only temporary, a stress of 15,000'pounds 
per square inch was used and resulted in a required area of 342'square inches 
Using 12 columns, each column stub required 28.5'square inches sectional 
area This applies only to its unsupported length, confined to a few inches 
above the base plate which rests on three 6'mch diameter by 2 'foot long 
rollers. 

At high operating temperatures, only a fraction of the liquid weight 
would be supported (5'inches on trays, or 340,000'pounds) causing the 
stress to fall below the allowable at 800°F. The design was, therefore, safe 
for all conditions The rollers were confined to radial movement in boxes 
anchored in the concrete foundation ring to prevent side slippage, and keep 
the center line of the tower stationary The center line of the column stub 
bases coincides with the extension of the shell plate, that is, 16'feet, 6'inches 
from centerline of tower 

Calculations determining the heat transfer from the shell into the support 
columns indicated that considerable thermal stresses would be set up in the 
welds attaching the columns to the head plate. In order to keep these stresses 
down, the followmg precautions were specified; • 

1. The temjperature difference between the shell and the outside edge 
of the support is to be maintained as low as possible by means of heating 
coils fastened to the columns and connected before the tower has been 
brought up to operating temperature. 

2. To facilitate the heat conduction from shell to supports, all plates 
and brackets are welded through their entire thiclmess, for their entire 
length of^ 12'feet; 4'feet, 6'inches above the tangent line to the shell and 
T'^feet, 6'inches below the tangent line to the head, providing complete 
contact, and distributing the stress caused by the transfer of the weight from 
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shell to supports over as large an area as possible. This also insures greater 
ngidity of shell and head at those points 

3. The column and roller bearing housings will be completely insulated, 
and enclosed in a No 16-gauge steel casmg 

4. The attachment welds will be mechanically stress-relieved by peenmg, 
that IS, tapping with a specified si2;e air hammer to relieve locked-up stresses 
and close cracks Thermal stress-relief may cause distortion preventing the 
careful fitting required by the close tolerances 

Proposed Method of Field Erection — ^The concrete foundation for the 
tower was designed for the same loadmg as the supports, and due to the 
low soil bearing pressure, piles were required The top of the concrete rmg, 
3-feet thick and 33-feet mean diameter is 23-feet above grade The •steel 
boxes housing the rollers are anchored in the top of the concrete ring so 
as to permit only radial movement of the rollers and tower Using an 
allowable compressive stress of 625-pounds per square inch for concrete, 
the base plate will be 24-inches x 30-inches 

The heads are shipped to the site in 13 pieces each The center, or 
crown piece, is approximately 10-feet in aiameter and formed into a 
spherical dish with a 10-foot, 6-inch radius The other 12 pieces are in the 
shape of spherical segments resembling orange peels, with the edge tangen- 
tial to the shell being 30° of a 3 3 -foot diameter circle, to the middle of which 
the support column stub is already welded They are carefully formed with 
the aid of a template so that when tack welded to the edge of the crown 
piece they form a 33-foot diameter hemisphere. 
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Tlte crown piece is lifted into place with a derrick into a carefully buik'Up 
cnb inside the concrete skirt so that it occupies exactly its final position Each 
of the 12 segments is then successively hfted into its proper place and 
welded to the crown piece, with the column stub restmg on the rollCTS The 
segments are also tack welded to each other as they fit into Pl^-ce to form the 
hemisphere This is a delicate operation requiring extremely skilled work- 
manship. The top edge must then be perfectly round and honzoi^l; it is 
the tangent line, where the straight shell is welded onto the head The tops 
of column brackets will be extendmg 4'feet, d-mches mto the air Jhey will 
act as guides for erecting the first course of the shell. _ 

The 46'foot high straight shell will be erected m 6 courts or rings, each 
of approximately S-foot height Each ring will be of four 90 segments rolled 
in the shop with edges machined and grooved for welding Each section 
has a guide lug tack welded to it for the next course. T^is lug has a hole 
drilled in it so as to also serve as a lifting lug It is then lifted into place and 
tack welded to the section underneath, until the ring is complete; then the 
seams are completely double butt welded Thus the total number of feet of 
1%'inch thick scam weldmg is calculated as follows 

7 — Circular seams 3 3 -ft dia = 

4 — ^Vertical seams 46-ft. long = 

2 — Circular seams around crown piece lO'ft dia — 

24 — radial seams in heads @ 21 ft -long* = 


Ft 

728 

184 

63 

504 


Total lineal feet 


♦Length radial seams ‘ 




1479 


At 4 25'-'poiinds per foot this requires 6300^pounds of electrodes This 
can be deposited at a rate of about 4''pounds per man'’hour using a %ednch 
rod, making a total of 1575 man-hours, @ 1 25 = $1970 

The total cost per foot of lys-inch weld is therefore calculated as follows: 

Direct labor. $1970 

Field equipment, power and supervision 60% of labor.... 1180 
Cost of electrodes, 6300‘'lbs. @ $0 10 630 


Total Cost for 1479Tt $3780 

= $2 55 per ft. 

This figure would be extremely difi&cult to duplicate, much less surpass, 
by any other method such as riveting. 

The 8 stiffeners are located so that each ring has at least one, which 
helps maintain the close out^of^round tolerance. The internal horijjontal 
bar is flame-cut in the shop in 60° segments out of rectangular plates carc^ 
fully laid out so as to leave a minimum of scrap, and as close to the exact 
diameter as possible, probably within J4'3unch. 

After the first course of shell plates is erected and welded together, the 
horisjontal line for the top of the stiffener bar is laid out by means of a 
transit to insure being within of the same horizontal plane all 

around, and VA'inch x ll-inch triangular shelf brackets welded along tins 
line on approximately 3 "foot centers, with ^'inch continuous fillets. TTie 
60° sections of the nng are then laid on these brackets and butt-*welded 
together to form one contmuous nng no more than i4dnch gut of round. 
The nng is then continuously weloed with ^dneh fillets on both sides 
to the shell and to the brackets. This tends to draw the shell into the same 
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close tolerance circle as the ring and insures that no part of the shell will 
exceed the 54'iiich out-of-roundness specification. 

The outside reinforcing band is then welded on with %'inch stitch 
welds 2''inches x 4^inches, to provide the additional shell rigidity required 
along that plane The stiffener rings are spaced 6-feet apart and so located 
that they also serve as seats for the 5-foot 6-inch deep tray beams, which 
are bolted to them, additional brackets being welded to ring and shell at 
those points to transfer the load from the nng to the shell. The total weld- 
ing per stiffener is thus approximately 480-lineal feet of %-mch fillets, or 
800-pounds of welding wire .This is a total of 6400-pounds for the 8 
stiffeners required, the top and bottom ones not acting as beam supports 

This probably cannot be deposited at a rate exceeding 3 -pounds per man- 
hour, making a total of 2133-man-hours @ $1.25 = $2665. Another 
method of attachment, such as riveting, would not only cost considerably 
more, but would not even be feasible unless considerably more steel were 
added in the form of angles and flanges. Even with additional steel, the 
tolerance requirement could probably not be met with riveting; welding 
would appear to be the only practical method of construction 

Strength of Welds — ^The strength of welds was carefully calculated per 
the A P. I.-A. S. M E. Code While the ultimate tensile strength of weld 
metal is about 60,000-pounds per square inch, it is only allowed the same 
tensile strength of the adjoining steel as given in the A. S. T. M. specifica- 
tions. The efficiency of fillet welds according to the code for structural 
steel (Group C) without stress-relieving and X-ray is 51 per cent The 
allowable shearing stress is 0 8 of the tensile stress, allowing a stress of 
55,000 X .18 X .8 X .51 ■= 4040-pounds per square inch @ 800®F. for welds 
perpendicular to the load For welds parallel to the load, the allowable stress 
IS 75 per cent of that, or 3030-pounds per square inch. The area is measured 
along the throat of the weld, and y^'inch corrosion allowance must be 
deducted from all internal welds on permanent attachments, leavmg a net 
corroded area for 54-mch fillets of .75 cos 45® — .25 = .28-8quare inch per 
lineal inch, or allowable stresses of 1130-pounds per Imeal inch and 850- 
pounds per lineal inch for perpendicular and parallel loads, respectively 

Miscellaneous Internals — ^As indicated on the arrangement sketch (Fig. 
1) below the 4 vapor outlet nozdes in the top head are 4 impingement baffles, 
or mist extractors, designed to trap any liquid particles that may tend to be 
drawn off with the overhead vapor These consist of an intricate circular 
arrangement of vanes and baffles. Individual vanes and the bottom baffle 
were of welded construction, but bolted to the welded top support baffle 
to permit removal and inspection. 

The internal shells for the 24-foot and 29-foot diameter trays are 
plates supported by %-inch gusset plates continuously welded to the shell 
plates and the top head. The mam girder supporting the two trays in each 
section is a 46-inch deep, built-up beam of 1-inch web and l-inch by 14-mch 
flange plates, designed and installed as the beam for the 3 3 -foot diameter tray 

The bottom 5-feet of the 33-foot diameter shell is the inlet or charge 
section. Here the partially vaporized charge comes in through three 16-mdh 
tangential nozzles spaced at 120^ intervals in the same horizontal plane 
A wear plate %-inch by 5-fcet is stitch welded l-inch by 9-inches on both 
sides all around the circumfermce on the inside of the shell to prevent erosion 
and corrosion due to the tangential charge inlets. A large impingement baffle 
with 24 vane plates x 2-feet 6-inches x 5-£eet arranged in a 20-foot 

diamtJter circle with a a>nical partition plate J/adnch thick bolted to a ring 
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at the shell will prevent liquid m the form of mist from going up the tower 
This baffle is completely welded except at points of support and attachment 
to shell where slotted bolt holes provide for expansion due to the high 

temperature of the baffle , , . 

The shell for the bottom H-foot diameter trays xs constnicted similarly 
to the reduced sections in the top head of %'inch plate bolted at points 
of support and attachment to the bottom head. 

Hydrostatic Test— Erection of the tower shell on the foundation is 
schedhed to start about September 15, 1942 with the tower to be completed 
about February 15, 1943 The mam tray beams are installed as the shell 
erection progresses in order to add stabihty to the stmcture and facilitate 
ScS m^thl interior. The minor tray supports and die tray decks proper 
are then to he mstalled before the top head is welded on m order to save 
time. The common method of installing trays through the m^holes require 
more time due to restrictions of space and number of men that can be used 
After all internals except those in top head are installed, the top head is 
welded on, all manhole and connection covers are bolted and gasketed 
properly, and the entire vessel given a hydrostatic test m accordance with 

the A P.I'A S. M E Code , . , 

This reqmres a test pressure of 1 5 X design pressure, or 45 -pounds 
per square mch measured at the top of the tower, and repeated at subsequent 
penods throughout the life of the vessel, i e , until the •4'inch corrosion 
ahowance has been used up, when the vessel can still withstand such a test. 
Smce It IS more convenient to attach and read the gauge at the bottom, the 
hydrostatic head of liquid or 46 + 33 = 79'feet of water = 3 5 -pounds per 
square inch is added to the test pressure at the top. giving a gauge reading 
of 80'pounds per square inch at the bottom 

After the satisfactory completion of the hydrostatic test (showing no 
leakage) the tower is ready for the fimshmg touches to be applied before 
operation is started The piping will be connected to the nogzles and the 
insulation applied, together with the welded attachment of steel platforms 
and access ladders. The unit is expected to be ready for operation about 


Apnl 1, 1943. 

Proportionate Savings Due to Welding— The fabricator’s price for fur- 

nishing all materials, completely fabricating, field erecting, and testing this 
tower shell and all internals except trays, as previously described, is $120,000 
— foi: an estimated weight of 800,000''pounds, or 15^cents per pound. The 
total estimated amount of arc welding electrodes for the complete fabrication 
and erection is approximately 30,000^pounds. 

Before the use of arc welding became extensive in the construction of 
fractionating towers, riveting was the common method of construction* As- 
suming that this tower could practicably be of complete riveted design and 
constructfon and still maintain the rigid tolerance requirements, wlfich is 
dubious, there would be considerable additional weight of material and cost 
involved. 

The welded efficiency of 78 per cent can presumably be duplicated by 
a riveted joint, with no change in shell thickness resulting. However, the 
butt straps, the angle flanges on the stiffeners and beams, the additional clips 
and gussets required for the complete riveted design would result in addi" 
tional weight of metal of at least 15 per cent or conservatively, 120,000^ 
pounds. The tremendous number of rivets required for all the attachments 
on this tower would result in a higher labor cost per unit weight, due to 
the layout and drilling of holes, shop and field nvetmg, caulking edges and 
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joints, and gnnding heads of nvets to clear trays After completion of erec^ 
tion there would probably be repairs necessary to straighten out attachments, 
meet tolerances, and repair leaks discovered in a hydrostatic test by seal 
welding. 

The relative costs of the tower shell and attachments, exclusive of trays, 
may be estimated to be distributed as follows 

Welded Tower Riveted Tower 

Material 800,000 lbs. @ 05 $40,000 920,000 lbs @ .05 $46,000 

Shop prefabncation labor @ 02 16,000 @ .025 23,000 

Shop overhead, 150% of labor 24,000 S4,500 

Field erection and test @ .025 20,000 @ .03 27,600 

Field equipment and supervision 

60% of erection labor 12,000 16,560 

Total freight charges @ .01 8,000 @ *01 9,200 

$156,860 
$0 17/lb. 

The savings of $36,860 = 23.5 per cent of the cost of the riveted 
tower, or 30 7 per cent of the welded tower. Tray savings have already 
been stated above. 

Total Savings by the Company and Industry — ^The author’s company, 
one of the major engineering firms engaged in the design and construction 
of refineries for war products such as toluene and high octane aviation 
gasoline is now constructing refineries with welded towers and tanks weigh- 
ing approximately 20,000''tons at $300 per ton == $6,000,000 investment 
in welded pressure vessels. On the basis of the above comparison, the saving 
IS 30.7 per cent over riveted construction, or $1,840,000 total annual savings 
by the company m this phase of its war effort. 

The total annual gross savings throughout the petroleum refinery and 
allied chemical industry is difficult to estimate, but considering that the total 
value of such construction m the present war effort is m the order of 
$1,500,000,000, it appears that the total value of welded vessels is approxi- 
mately $200,000,000, and that a savings in the order of $60,000,000 is 
a conservative estimate. 

In addition to the above monetary savings, the use of arc welding 
results in a number of other advantages. The service life of welded towers 
IS lengthened by welded replacement of corroded internal parts, which could 
not easily be replaced any other way due to limited means of accessibility. 

Greater dEciency of fractionation, and therefore more useful products, 
is obtained by welding, since any other method would probably not meet 
the tolerance specifications. 

The savmgs of 15 per cent in weight of metal required indicates a 
greater efficiency in the use of our available resourejes and materials toward 
obtammg the desired result, and at this time is of supreme importance in 
our war effort. This economy of materials also leads to economy of time 
in construction; the 15 per cent extra weight would presumably take at least 
15 per cent more time for erection. Actually, the saving in time, and the 
consequent start of production of the lube oils, is much greater thian that, 
since nveted construction involves the handling of many more small parts, 
which by welding can be more efficiently prefabricated in the shop. 

The fact that riveted conm:ruction in oil refinery equipment has become 
almost obsolete in the last 10 years by the use of arc welding is a certain 
sign that industry is quick to recognize and take advantage of these overall 
improvements. 


$120,000 
$0 15 /lb 



Chapter XXVI— Batching Scraper for Crude Oil Pipe Lines 


By Robert M. Carter, 

Engineer, Line Maintenance Department, Stanolind Pipe Line Co,, 
Tulsa, Oklahoma. 



RolJert M. Carter 


Subject Matter: A batching scraper for crude oil pipe lines 
signed for arc welded construction. It is ^ necessary that the re-' 
finery know what grade of crude oil is being supplied and when 
delivery from different areas is made thrtnigh the same pipe. It 
is important that the two batches be properly separated with a 
minimum of mixing. Previous to the present design, pipe hue 
scrapers were sent down the line for this purpo.se. I he deuuP 
vantages of this were: inefficiency in separating batches, high 
maintenance cost as a result of wear and breukaKe due to jam' 
ming. This unit was replaced by a simple batching scraper which 
consisted mainly of two rubber discs mounted on a central body 
behind a guiding conicakhaped framework. Not only did thi^ 
unit improve separation, it also reduced the coit atid maintenance 
and improved pipe cleanings A considerable saving because ol 
less repairs and less waste oil is expected. 


The arc welding process is extensively used by pipcdinc companies for 
constructing and maintaining pipe lines and fabricating manifold piping 
systems. Interest in the larger projects often diverts attention ironi the 
benefits to be derived from the use of arc welding in the production of 
spccialited tools and equipment, which may effect better economies in other 
phases of the companies’ operations. It is hoped that the experience related 
in Ais paper will focus greater attention to the possibilities of this application 
of arc welding. 

In the early development of overland pipe^line systems for transporting 
crude oil, oil from various producing arcn>s was mixed together in the mam 
trankdine system and delivered to "the refineries in conglomerate streams. 
Present refinery practices make it desirable to preserve the identity of crude 
from certain producing areas, which may differ greatly in specific gravity and 
physical composition from crudes in neighboring areas, and require separate 
deliveries to the refinery. Delivery of two or more separate and di.stinct 
grades of crude through a singledmc pipedine system is accomplished hy 
“batching”; that is, the batches of different grades, which may be 10,000 
or several hundred thousand barrels in volume, arc pumped through the 
pipe line in successive. rotation, one immediately behind the other. 

These batching operations, through pipedine systems usually several hun- 
dred miles long, present many problems, one being to prevent mixture or 
intermingling of the etudes at the interface of the oppoiing coliimnii as thay 
travel through the pipe line; in other words, to prevent a mixture between 
the heads and tails of the batches. In the absence of a letter method of 
preventing this contamination the usual practice has been to insert between 
batches a mechanical device known as a “pipe-line scraper” or “go-devil” 
which was originally designed for removing paraffin deposits from the 
internal surfaces of pipe lines and has been in general use tor this efeamtog 
service throughout the industry for over 20 years. 

The use of ordinary pipe-line sempers hai proved unsatisfactory for 
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Tlq, 1. Peslgs of 8-in. batching scraper for erode segregatioiw 
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batching operations due to inefficiency and high maintenance costs It 
became evident that a special separating device should be used and as 
none was available on the market, one major pipeline com;^ny solved 
this problem by providing a specially designed plug or scraper. 1 ms special 
device (Fig 1), which will be called a ‘"batching scraper due to its simi- 
larity to the conventional type, subsequently proved to be very successrul. 
Before continuing with a report on its construction it will be necessary first 
to discuss briefly the mechanical principles involved m the operation or 
scrapers so that a better comparison may be made or the mechanical fea- 
tures, initial and maintenance costs, and advantages in batching operations 
of the new batching scrapers with respect to the old-type scrapers pre- 
viously used. 

Operation of Scraper— The old-type scraper is propelled through the 
pipe line by the force of the oil stream acting against circular Friction 

between the moving scraper and the pipe wall resists the force of the stream, 
consequently a hydraulic pressure drop is set up from the rear to the front 
of the scraper which tends to produce a flow of oil around it This continual 
bypassing of fluid results in the scraper traveling at a slightly slower rate 
of speed than the stream, and m traveling a distance of many miles it is 
evident that a considerable volume of oil from the batch of crude m the 
rear may be permitted to flow around the scraper and mingle with the dis- 
similar batch of crude ahead It follows that in designing a special scraper 
for batching operations every effort must be made to reduce friction, thereby 
reducing the pressure drop across the scraper, also to maintain an effective 
seal between the propelling disks and the pipe wall so that a minimum 
amount of oil will flow by the scraper 

This company installed flat rubber propelling disks on all of its factory- 
made scrapers about 5 years ago through the use of shop-made adaptor parts; 
and later, in cooperation with a leading rubber company, developed the cup' 
shaped synthetic-rubber disk shown m Fig 2 which was subsequently 
patented These alterations improved the scrapers for both cleaning and 
batchmg operations; however, entirely satisfactory results were not obtained 
and high maintenance costs persisted. 

It may be observed that a pipe-line scraper is composed of over 100 
separate parts constructed of small bronte castings and machined-steel shapes. 
Knives scrape the inside pipe wall to remove paraffin deposits. The guide 
wheels attached to the ends of guide arms rotate against the pipe wall and 
serve to support the scraper In traveling distances of many miles these parts 
are subjected to an enormous amount of wear and our experience has been 
that the complete assembly of knives and wheels must be replaced after each 
run of 40 miles, at a cost of about $10 for parts alone In addition to replace- 
ments, due to normal wear, these projecting parts frequently catch on the 
seat rings of gate valves, pipe couplings and other obstructions in the line 
and are broken When such failures occur the entire scraper is likely to 
lodge m the line and be demolished by the force of the oil stream A complete 
new si 2 ;e 8-inch scraper may be purchased for about $70, list price 

Since the company maintains a well equipped and efficiently organized 
welding shop, combined with a modern machine shop, it was decided to 
develop a design which would utilize the economy and facility of the arc 
welding process and could be constructed of scrap materials available from 
other fabricating work conducted in these shops. The use of steel castings 
was briefly considered but was discarded as impracticable due to limited 
application, excessive weight and the prohibitive cost of special patterns. 
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Fig. 2. Cupped rubber disk ior line scraper. 

also m view of the fact that it would have been necessary to obtain these 
castings from an outside concern at a time when such materials are urgently 
needed in the national war effort. 

As a result, the simplified sizie S'-mch batching scraper, previously referred 
to and illustrated in Fig. 1, was designed. Guide arms and scraper knives 
were dispensed with since they sen/b no useful purpose m batching opera-* 
tions, produce friction, and are expensive to maintain m good repair. The 
use of cup-'shaped synthetiS^rubber disks was retained as it was thought they 
would effect a more positive seal against the pipe wall than any other type 
of disks available. The pnncipal parts constitutmg the complete assembly 
and them purpose are as follows: 

(a) Two sme Scinch cupped synthetic**rubber disks, the purpose of which 
has already been mentioned 

(b) Two flat^type synthetic^rubber disks which provide additional sup* 
port for the flexible cupped disks. These are obtained by salvaging worn-'out 
disks from the next larger sisje scraper and turning on a lathe to the dimen* 
sions given. 

(c) A front body which consists primarily of a circular steel plate for 
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supporting the rubber disks and a comcabshaped framework for guiding the 
scraper through gate valves in which the steel disks might lodge. ^ 

(d) A central body of the proper length to place the nmber disks a 
distance apart sufEcient to span the annular space between the seat nngs 
of gate valves and side openings in the pipe lines where branch hnes 
are connected. It should be observed here that if both disks were placed 
within the limits of such openings the scraper would lodge as the oil stream 

would be permitted to flow around it . t 

(e) A long bolt through the center for assembling the component pa^ 
and to permit the replacement of the rubber disks which incidentally are the 

only parts subject to wear. ^ i. i i i ^ i *. 1 . 

(f) Two steel bushings, cut from l}4^inch pipe, slightly shorter m length 

than the thickness of each pair of rubber disks These bushings maten^lly 
increase the resistance of the body to bending stresses by providing metal 
to metal contact throughout the entire length of the scraper after the bolt 
IS tightened sufficiently to compress the rubber disks. ^ 

Three si 2 ;e 8-inch batching scrapers were built in the company s com- 
bination welding and machme shop during the month of April 1942. The 
unit construction costs are reproduced below: 


Material 

2 new s'' cup^type rubber disks at $4.80 each.. 
2 salvaged 10^' flat rubber disks at $1.50 each,. 

0,5 sq ft second-hand tank steel 

0.4 sq ft 1 / 4 " second-hand tank steel 

1.0 sq ft. second-'hand tank steel 

1 6' lI4" std BM pipe 

1.6' 1 " extra heavy seamless pipe 

1 l!4 by 6 ^/ 2 ' machme bolt with nut 

2 lb. Fleetweld No. 5 electrodes 


$ 9.60 
3 00 
25 
.10 
.30 
.18 
.36 
.33 
.15 


Total material 

Labor 

Cutting — 1 hr. at $1 07 

Alignment and welding — 2 hr. at $1.28 

Machine work — 1 hr. at $1 28 

Assembly — Yz hr. at $1.07 

Shop overhead 


.$14 27 

$ 107 
2 56 
1.28 
54 
2.00 


$1427 


Total labor 


$7.45 7.45 


Total cost for each scraper, $21.72 

As mentioned before the ’initial cost of an 6-inch scraper of the type 
previously used is approximately $70 Subtracting from this the cost of con^ 
structing the new scrapers, at $21 72 each, the unit saving is found to be 
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Fig. 4. Observation of oil run with old-t7Pe susraper showing mixing of botches. 

$48 28. Quantity production of 12 to 15 units at a time probably would 
reduce the labor and overhead costs to about $5 each. Further development 
may increase the material costs. One improvement being considered is the 
use of the more expensive high tensile steels which would permit a reduction 
in weight by decreasing the thickness of the tubing and plates, however this 
must be postponed until the current shortage of special steels is abated. 

Attention is called here to the fact that this is an example of the economies 
reflected by changing a complicated design composed of cast and machine^ 
made parts to a much simplified design made possible by the development 
of the arc welding process It is not a cost comparison of different methods 
of producing an identical design. 

These batching scrapers were first used in a batchmg operation through 
an 8dnch singledine system briefly diagrammed in Fig 3. 

As a means of checking the degree of contamination between batches 
of crude the procedure has been to take API. gravity readings of samples 
drawn from the oil stream at Booster Station C at 30-minute intervals during 
the penod when the batching scraper is expected to arrive at this point. 
Charts are reproduced below of hourly average gravity readings taken at 
the tail ends of two batches of the same type of crude which passed Station 
C on April 9, 1942, and May 2, respectively. In the first operation an old- 
type scraper was used with cup-shaped rubber disks installed. In the second 
operation the new batching scraper was used. 

An inspection of these charts reveals conclusive proof of the superior 
efficiency of the new batching scraper. In the first case, Fig. 4, at the time 
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the old^type scraper had arrived at Station C it had^ lagged behind the 
interface of the opposing columns of oil which resulted in the contamination 
of approximately 400 barrels at the tail end of the batch In the second 
case, Fig 5, the new batching scraper arrived at Station C at approximately 
the same time as the interface of the columns and a clear separation between 
the crudes was maintained. 

Three of the new scrapers were used in carrying out this batching 
program from Station A to the refinery terminal, approximately 340 miles 
apart At the completion of the operation all three were in good condition 
except for normal wearing of the rubber disks which would have occurred 
on any type of scraper used Although a record was not kept of the repair 
parts required for the old^type scrapers in the previous batching operation, 
it IS estimated from past experience that at least eight sets of knives 
guide wheels would have been worn out and replaced at a cost of $80 Other 
repair parts and labor probably would have increased this expense to at least 
$150, all of w^hich was avoided by the use of the new batching scrapers. 

The first trial of the new batching scraper also revealed its advantage 
for use in cleaning the internal surfaces of pipe lines, a result which was 
not anticipated. A considerable amount of sand and mill scale was received 
from the line immediately in front of the scraper at Station B, sufficient in 
volume to foul the pumps and necessitating the repair of the pump valves 
This portion of the company’s pipe-hne system was constructed m 1939 
and since that time conventional scrapers had been run numerous times 
for the purpose of cleaning the hnes At no previous time had amounts 
of sediment greater than a few gallons been removed Scrapers were run 
only 3 months prior to the batching operations discussed One would expect 
that all foreign objects, such as mill scale, left in the line at the completion 
of its construction would have been removed during the first year of opera^. 
tion The fact that the new scrapers thoroughly cleaned the line of sediment 
passed over by the old-type scrapers shows their superiority for this service. 

Due to the satisfactory results of this experiment, the company proposes 
to construct additional batching scrapers, of sizes suitable for pipe lines of 
various diameters, to be used in future crude batching operations. If later 
experiments substantiate the above evidence that the wiping aepon of the 
rubber cups thoroughly cleans the line without the use of expensive knives 
and wheels, their use will be extended to this essential service as a means 
of reducing the high maintenance costs involved in periodical, internal clean- 
ing of the several thousand miles of pipe line operated 

A conservative estimate of the gross annual savings, accruing to this 
company through the use of batching scrapers, may best be based on the 
total number of old-type scrapers in service. A recent survey of the entire 
system revealed that approximately 200 scrapers varying in si2;es from 3-inches 
to 14-mches are in service, the average si 2 ;e bemg Sdnehes. At least 25 new 
scrapers are required each year for replacements and extensions of operations 
Considenng the cost of the 8-inch size as a fair average, a direct saving of 
$1,207 would result from filling this requirement with the new batching 
scrapers built m the company’s shop which, as stated above, may be pro- 
duced at a cost of $48.28 below the purchase price of scrapers of the old type. 

It is estimated that the total annual cost of repair parts for the old-type 
scrapers, not including mbber disks, is in excess of $5,000. A policy of dis- 
continuing the purchase of scrapers, if adopted, would eventually result in 
the exclusive use of batching scrapers, in which case the $5,000 yearly 
operating expense would be eliminated. 
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Sources of information available to the author regarding the extent and 
economies of batching operations conducted by this company are inadequate 
to evaluate in dollars the annual benefits to be derived from the use of the 
new batching scrapers in these operations only. However, it may be said 
that the purpose of batching different grades of crude is becoming more 
prevalent with this company as well as others engaged in the transportation 
of crude oil and its success is dependent upon a practical and efficient 
mechanical device, such as the one described above, for maintaining a cleans 
cut segregation between batches. A device of this kind is more urgently 
needed among pipedine companies engaged in the transportation of refined 
products where it may be necessary to handle through a single-line system 
as many as seven different products, ranging from the heavier fuel oils to 
high-test gasolines, which are relatively more valuable than unrefined crude 
oil 

In conclusion, the facility with which this special tool was produced 
demonstrates the unlimited possibilities in the application of arc welding 
for producing substitutions for special tools and equipment, essential to the 
operation of companies not engaged in manufacturing, which may soon 
be unavailable from the usual sources. If such companies are to continue 
to operate efficiently throughout the present national emergency much in- 
genuity must be exercised along these channels. 



Chapter XXVH— Modern Welded Blast Furnace 
By Regis F. Fey, 

Structural Engineer, Pittsburgk'Des Moines Steel Co., Pittsburgh, Pa. 



Subject Mattcrt The design, function, construction, cost and 
features of a welded l.OOO-ton-per-day blast furnace. This blast 
furnace, complete with auxiliary equipment, waa constructed in 
eight months’ time as compared to twelve months for a similar 
riveted furnace. The welded furnace and equipment as compared 
to a similar riveted unit reduced the weight 417,000^pound8 or 
12.9%, drafting cost $4,257 or 41.1%, f^rication cost $48,959 
or 39.9%, erection cost $45,800 or 44.5%, total cost $153,830 
Of 35.2%. A lower maintenance cost is anticipated by using arc 
welded furnaces. 


Regis F. Fey 


Battleships, destroyers, tanks and jeeps are continuously rolling off our 
production lines. ^Vhat turden does this place on the steel industry? Just 
this; 2,800'pounds of steel to build a jeep, 28'tons to build a medium tank, 
2,000'tons to build a destroyer and 40,000'tons to build a battleship. Each 
blast furnace built by arc welding increases production by 130,000'tons — 
enough iron, when refined into steel, to build 93,000 jeeps, or 4,600 medium 
tanks, or 65 destroyers or even 3 battleships. 

This increased production, so vital at present, is created by the reduced 
time reqiiired to build a welded blast furnace by permitting its operation to 
begin months earlier. The conventional riveted blast furnace requires 12 
months to build. The first welded furnace we built began pouring iron eight 
months after work was started. 

This modem welded furnace only recently has been adopted by the steel 
industry. During the period from 1930 to 1938 when arc welding was rapidly 
replacing older methods of fabricating steel in many industries, the steel indus' 
try itself was operating essentially with equipment built prior to that period. 
This was particularly true of the 220 blast furnaces in the United States. 

Recently the rapid increase of steel consumption by defense industries has 
caused the need for a considerable expansion of iron and steel production 
equipment. The blast furnace witb its appurtenant structures is an important 
producing unit of the steel indmtry. Several new blast furnaces have recently 
been built or are in the process of construction to meet this rapidly increasing 
demand for steel. . 

One of the first furnaces to be built imder the expansion program was 
Furnace No. 3, being fired in December, 1941, with a rated capacity of 
400,000 tons a year — ^slightly more than 1,000 tons a day. In the fabrication, 
of this furnace, the advantages of arc welding were applied to all of the struc' 
tures consisting essentially of steel plate work — ^the blast furnace shell, mantel, 
tuyere breast jacket, bosh bands, hearth jacket, dust catcher, whirlcr, hot blast 
stoves, gas and air piping and walkways. 

When the recent rapid expansion of the steel industry bccan« imxmtry, 
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It was thought by some, that to save time in building new furnaces, duplicates 
of the older furnaces should be made. This would eliminate to a certain ex' 
tent, the preparation of new designs and detail drawings. But upon further 
consideration, the advantages of arc welding offset this savings so that prac" 
tically all of the furnaces built recently have been welded 

An example of this trend is the mstallation in which the steel company, 
acting as general contractor on this project, had requested separate bids at 
different times on the various steel structures The first of these was the blast 
furnace shell and mantel based on a riveted design. We suggested as an alter- 
nate an arc welded design The estimated cost of the two structures indicated 
a substantial savings by using the welded design, (See Fig. 1). In view of this 
fact, the remaimng structures were then considered only on the basis of a 
welded design. 

Design and Function — ^In the followmg descnption of the steel design 
of the vanous structures, their functions in the operation of the blast furnace 
is also outlined. 

The extraction of metallic iron from its ore is performed in the furnace 
stack. Into the top of the stack is placed iron ore, coke and limestone in the 
proper proportions. Preheated air is forced in near the bottom. The intense 
heat of combustion melts the iron and slag impurities which then flow toward 
the bottom of the stack. The molten iron and slag is drawn off through 
notches near the bottom The operation is continuous. The loadmg of the 
ore, coke, and limestone and the drawing off of the molten iron and slag are 
intermittent 

The other structures are used either to place the materials into the top of 
the stack, to clean the exhaust gas, to preheat the air draft or to convey the 
gas and air to the various processes. 

The blast furnace and its accessory equipment including the gas cleaning 
apparatus, the pipmg and the hot blast stoves were designed for an internal 
pressure of SO-pounds per square inch In addition to this pressure, the weight 



Fig. 1. Btol fomact 
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Flg« 2. Walded blast lumace sbelt 


of the structures, the loads of ore, coke, limestone, dust, brick lining and wind 
were considered 

Furnace Shell — ^The furnace shell, made of ^dnch, hinch and Ij/^dnch 
plates, was entirely butf welded, (See Fig. 2). It has eleven courses, six plates 
to the course. All of the vertical joints were of the double U type, fabricated 
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by planing The homontal joints were double V. These edges were burned 
The bottom of the shell was welded to the mantel with a double J jomt 

The mantel, having lJ4'inch thick flanges and a 2j4''inch thick web was 
also butt welded It was shop fabncated in eight sections The flanges were 
designed and shop welded to the web m such a way so as to reduce to a 
minimum the tendency to warp or distort the sections In the field, these 
sections were welded together to form a complete ring The webs all were 
joined by using a deep single U joint. This permitted all down weldmg. 

At the top of the shell, the top nng steel casting, made in four parts, was 
attached to the plate with welds as small as was practical — ^-mch fillets on 
each side 

The butt welded joints of the shell and mantel required special considera^ 
tion in detailing the plates A shnnkage of ii^^h was anticipated at each 
joint in the shell plates Therefore, the plates were detailed and fabricated to 
the size required on the basis that the edges of the plates touched, then they 
were erected with a ]/g-inch gap between the edges. 

A special welding procedure was also necessary The method was to out^ 
line a means of welding the joints in a sequence so as to reduce as much as 
possible a tendency to distort the structure due to the shnnkage of the joints. 
The following is the procedure as outlined by our welding engineer. 

Welding Instructions and Procedure 

1. Filler Rod Metal — ‘Tleetweld 5” for all seams. 

2. Qualification of Welders — ^All welders must have passed previously 
the A. W. S Qualification Test for the types of joints shown on the drawing 
or they must take the A W, S Qualification Test on the job before starting 
to weld A record of each weldei shall be kept by the foreman and papers 
for each new welder should be sent to the office 

3. Gcncral^ — Each bead of welding shall be peened only sufficiently to 
break up slag. Chip out all cracked and poorly fused tack welds 

4 Procedure — (a). Erect mantel sections FMl and FM2 and tack them 
together with the edges of the mantel sections in contact Do not attempt to 
bolt the mantel ring to the columns with the 2''inch round bolts before the 
mantel is entirely welded. The mantel nng has been fabncated oversize to 
accommodate the welding shrinkages in the joints, and it is, therefore, impos-' 
sible to line up the holes m the mantel with the holes m the top of the columns 
until the mantel has been completely welded The mantel, may, however, be 
bolted lightly to the columns so as to hold it in approximate position with 
bolts that are lYi^mchts or less in diameter These bolts must be removed 
after the joints of the mantel have been continuously welded and replaced 
with the 2-inch round bolts. 

(b) , Establish the inside of the shell with punch marks spaced at about 
12-inch or 18-inch intervals on the top surface of the mantel 

(c) , Erect the first ring of the shell by first tacking the vertical joints and 
then tacking the first ring to the mantel so as to hold the inside of the ring 
to the punch marks. 

(d) , After the first rmg is rounded out and tack welded, the remainder 
of the shell and furnace top may be erected 

(e) , Weld at least one-half of each vertical jomt above and below a hori- 
zontal before that horizontal joint itself is welded 

(f) , The furnace top should be welded m the following sequence: the 
radial jomts first, the top plates to the shell second, and finally the plates to 
the top ring casting. 
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Fig. 3. Dust catcher. 

(g) , Erect and bolt the liner castings on the furnace top after it has been 
entirely welded. 

A furnace shell requires exceptional care in fabncation and erection so 
that the complete structure is accurate in alignment and ele'^tion. After this 
shell and top casting were erected and welded, a pliimb-'line dropped from 
the center of the top casting to the bottom of the furnace indicated no meas*^ 
urements out of alignment from the center of the furnace at the bottom. 
Measurements to determine the actual elevation at the top of the flange of the 
casting indicated a difference of only ^g^inch from the previously figured 
elevation 
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These results indicated a thorough understanding of welding shrinkage and 
distortion problems and applying this knowledge to the fabrication and weld- 
mg procedure of the structures 

It may be noted that durmg erection and weldmg there is a certain amount 
of control, within limits, of the alignment and elevation of the structure, while 
for a nveted design, these factors depend entirely upon the accuracy of shop 
fabrication and does not allow for adjustment in the field 

Furnace Accessories — ^The lower part of the furnace from the mantel 
to the bottom of the hearth consists of a thick circular firebrick wall. The 
upper portion is encased by the welded tuyere breast jacket Through this 
water-jacketed band pass the tuyeres These inject the hot air blast into the 
furnace In the firebrick from the bottom of the tuyere breast jacket to the 
bottom of the hearth are embedded steel reinforcmg bands. There are eight 
bosh bands made of 12- x l^^-inch bars Each band is made in four sections 
Splice bars are welded to the ends of the bars in the shop. The rings are 
bolted together m the field. They range m diameter from 32-feet 6-inches to 
38-feet 6-mches They are placed one on top of the other, increasing in diam- 
eter toward the top. The bands are separated about 6-inches by spacer cast- 
ings. Below these are four hearth jacket bands made of 12- x 1%-inch bars. 
The splices are similar to those on the bosh bands. 

Dust Catcher — ^The dust catcher, (See Fig 3), is the first in a series 
of gas cleaning units. The exhaust gas from the top of the furnace is con- 
veyed through the uptake and downcomer pipes into the side of the dust 
catcher. About 40,000-cubic feet of gas a minute, at a considerable velocity, 
passes into this large container. The reduced velocity in the dust catcher per- 
mits the larger particles of coke, limestone and ore dust to settle to the bot- 
tom. The gas then passes out through an opening at the top 

Some interesting design features of this welded structure are: the smooth 
inside surfaces of the butt welded plates, thus reducing abrasion of the plates 
by particles of the dust-laden gas the simplicity of the column connection to 
the shell the connection of the top and bottom cone sections to the shell 
using a butt welded joint where previous riveted designs would require expen- 
sive flanging of these plates to make a lap joint: the compression ring at the 
belt seam, consisting of an angle and a bar: the simple welded detail trans- 
mitting the equivalent of this section around the column connection and the 
plain portal bracing in two panels of the tower. 

Whirler — ^The exhaust blast furnace gas then passes through the whirler, 
(See Fig. 4), at an average velocity of 550-feet per minute. The inlet gas 
pipe enters the shell at an angle so that the incoming gas passes around die 
outside of the 7-foot 6-inch diameter uptake tube in a downward rotating 
motion and then passes up through this tube of the next cleaning apparatus. 
The gas whirling at a reasonably high veloaty causes the dust particles to be 
thrown outward toward the shell by centrifugal force. These are 24 vertical 
vanes attached to the lower part of the shell to catch these particles, stoppmg 
their whirling motion and allowing them to fall by gravity to the bottom of 
the container. A cone, smaller in diameter than the whirler itself, is placed 
with its apex upward in the lower ^part of the shell. It permits the particles 
of dust to fall from the vanes downward around it and also prevents the 
rapidly moving gas from agitating an accumulation of dust particles in the 
bottom. 

Similar welded design features to those used on the dust catcher were 
incoiporated in this structure. In addition, special consideration was given 
to the abrasion of the steel plate by the dust partides, A %'mck thick abra- 
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Fig. 4. Whirler. 


sion resistant steel plate, having a carbon content of .45 per cent was welded 
to the outside surface of the uptake tube and to the underside of the cone 
roof. These plates were attached by plug welds and joints were then sealed 
with a filler bead of ‘'Shield- Arc 85” Rod. All of these welded surfaces were 
then ground smooth It may be noted here that it woulcj have been much 
more expensive to provide a smooth continuous abrasion resistant surface by 
any other method than welding. The shell plates from the cone roof down 
to the vanes were protected from abrasion by a brick hning. 

Hot Blast Stoves — ^After the gas is thoroughly cleaned, part is burned 
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in the hot blast stoves There are three stoves of the two-pass type, each 26' 
feet in diameter by 102''feet 2%-inches shell height, (See Fig ?). Sixty car^ 
loads of a silica checker brick are placed in each stove. The gas burns in a 
bnck combustion chamber which is near the center of the stove extending to 
the top of the shell. It then travels down numerous small passages in the 
brickwork near the periphery of the stove and exhausts through chimney 
valves near the bottom The schedule is to heat the stoves for two hours 
while air is passed through them for one hour They are operated alternately, 
two being heated while through the third is forced air which thereby is prc^* 
heated to about 1,100°F, before passing to the blast furnace 

The stoves are entirely butt welded, using 54''i^ch and %unch plates The 
numerous no2;des were also welded This construction facilitated the laying 
of the bnckwork adjacent to the smooth inner surfaces. It also assured a gas 
tight construction. 

Exhaust Stack — One stack, (See Fig 6), serves the three stoves to exhaust 
the burned gas which enters through the liottom The stack is 200‘'feet high 
by lOTeet 9'inches inside diameter, having a conical bell section 45''feet 3^ 
inches high by 20-feet in diameter at the base The stack is self-supporting 
having twenty-four 2-inch diameter anchor bolts not upset. The stack was 
fabricated of %Q-inch to y 2 'inch thick plates, with the seams entirely butt 
welded. 

An interesting erection feature was that the stack was so situated that a 
large guyed dernck placed on top of the lower 100-foot section was used to 
erect the steel for all the other structures except No 3 stove where a basket 
pole was used. The steel plates and welded joints for this lower section of 
the stack were designed to withstand the loads durmg erection. 

Piping — ^The miscellaneous gas and air piping is an important item of 
a blast furnace The piping for this furnace ranges from 3 -feet to 9-feet in 
'diameter, fabricated from %-inch and y 2 'mch plate butt welded The hot 
blast main and the bustle pipe have a 4-inch brick lining. The offtakes, up- 
takes and downcomer have 0.7 per cent carbon wearing plates, welded to 
the inside of the pipe at the various bends 

It was originally intended to shop-weld the pipe in sections of 20- to 24- 
feet m length. However, during fabrication and erection the shop, due to 
the schedules of other jobs, was not able to supply the field crew with steel 
fast enough to keep them working efficiently. To relieve this situation, the 
shop only prepared the edges and rolled the plates. They were then shipped 
to the location where the field crew welded the plates into sections The costs 
showed no noticeable loss of efficiency. This indicates the adaptability of 
welded pipe designs to production scheduling. 

Walkways and Platforms — On the various structures and along the 
piping there arc several walkways and platforms. They are used to provide 
access for the workmen to the various valves and other mechanism on the 
structures and to permit adequate worbng space at these places. They were 
made by the usual construction methods, the members being welded or bolted 
together. As many of the walkways were placed along the top of the piping 
and as the exact location and alignment of the piping in several instances 
were established during erection, these walkwa}^ were then of necessity ‘'made 
to fit’" in the field. This assured an accurate fit, a condition that scarcely could 
be anticipated if they were completely shop fabricated. 

Proportionate Cost Savings in Percentage — ^A proportionate savings in 
the cost is indicated in the followmg by using a welded rather than a riveted 
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Fig. 5. Hoi blast store. 


design. The savings is presented in dollars and also shown as a percentage of 
the cost of the nveted design. 

Every item or operation which is included in the total cost of the job is 
considered. These mclude: cost of material, preparation of detail drawings, 
shop fabrication, freight charges, erection cost, taxes, insurance, general over*' 
head and profit These items are then summarised to obtain the total savings. 
This cost analysis reveals the proportionate savings of each item or operation. 

Weight — ^The furnace shell, whether riveted or welded, Is usually made 
of the same thickness of plate. This ranges from %dnch to lJ4dnches de^ 
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Hg, 8. Stack lor stoTos. 

pending npon the location of the plate in the shell The advantage of butt 
welding the plates arises from the consideration that the heavy butt straps 
or plate laps required for the riveted joints are eliminated. 

The other structures, including the furnace accessories, the dust catcher, 
whirlcr, hot bla^ stoves, stack and piping and walkways also indicate a weight 
savings. TbCTe are usually made of a nominal plate thickness. Therefore, the 
reduction in wdght by using a welded designtis also reflected in the climina^ 
tion of lap or butt riveted joints and in the simplification of the structural 
details. 
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Th.e weights of the welded structures as compared with the estimated 
weights of these structures on a nveted basis are indicated m the following 
table: 


Weight of Steel Structures 



Weight of 
Riveted 
Structure 
Lbs. 

Weight of 
Welded 
Structure 
Lbs 

Weight 

Savings 

Lbs. 

Per Cent. 
Savings 

Furnace shell and manteL — 

510,000 

412,000 

98,000 

19 2 

Furnace accessories 

163,000 

132,000 

31,000 

190 

Dust catcher. - 

205,000 

184,000 

21,000 

10 2 

Whirlcr — 

77,000 

69,000 

8,000 

10 4 

Hot blast stoves 

903,000 

832,000 

71,000 

79 

Exhaust stack 

153,000 

138,000 

15,000 

98 

Piping and walkways 

1,215,000 

1,042,000 

173,000 

14 2 

Total 

3,226,000 

2,809,000 

417,000 

12 9% 


On the basis of the published null base price of $2 10 per hundredweight 
for steel plates and shapes plus an average allowance of ly -cents per hundred- 
weight for unloading the steel at the fabricating plant, the cost of welding 
wire or rivets, and null extras on the steel, etc., the savings in metal costs 
amounts to; 

($2.10 + 15) X 4170 cwt = $9,382 50 

This weight savings not only causes a reduction in the material cost but is 
also reflected m a lesser handling cost dunng fabrication and erection and a 
smaller freight charge in transporting the material from the fabncating plant 
to the erection site 

Drafting— The preparation and checking of the detail drawings for 
a blast furnace are considerably simplified by using an arc welded design. 
Fig. 7 shows the details required by the fabricating shop to make a furnace 
shell plate and mantel and illustrates the comparative simplicity of the draw- 
ings of the welded design. There is a similar condition for the other items 
on this job 

For such an installation, a considerable portion of the piping comprises 
bends and turns. These are made in segments having arcs from 6^ to 10®. 
There is also a very large vanety of tee and wye intersections. The develop- 
ment of the plates is very involved. Lap or butt nveted joints would cause 
many additional problems for the detailer Butt welded joints simplify the 
drafting to the extent that the time required is reduced almost by one-half* 

In addition, a nveted structure requires a rivet location layout indicating 
the size, length and number of nvets furnished and the joint of the structure 
where they are to be used. For a welded structure, the site of weld wire 
for each bead is indicated on a large scale section shown on the erection or 
assembly drawing. Following js a table showing the drafting costs on this 
job as compared to a nveted job built in 1937. The costs are given for the 
time required to make and ^heck the detail shop drawings. 
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Drafting Costs 



Riveted 

Design 

Welded 

Design 

Savings 

i Per Cent, 
Savings 

Blast furnace shell and mantel 

$ 403 

$ 265 

? 138 

34.2 

Furnace accessories 

202 

128 

74 

366 

Dust catcher 

654 i 

402 

252 

38 5 

Whirlen 

353 1 

252 

101 

28 6 

Hot blast stoves 

260 i 

196 

64 

24 6 

Stack. 

215 

127 

88 

40 9 

Piping and walkways 

8,270 

4,730 

3,540 

42 8 

Total 

$10,357 

$6,100 

$4,257 

35.7% 


Shop Fabrication — One of the larger items of cost of the structures 
IS the shop fabrication Several compansons of shop costs make the welded 
design more economical. 

For the welded design there is a savings in unloading the steel to the 
stock yard and a similar reduced cost in handling and moving the steel through 
the sequence of shop operations because of the lesser weight. 

The first shop operation is laying out the steel. This involves marking on 
the steel the dimensions that are shown on the detail drawings Therefore, 
the tTme to prepare the drawings is an indication of the time to layout the 
steel. A comparison of the costs of this operation is similar to that of the 
drafting costs. 

The following operations vary somewhat for the two types of design, 
riveted or welded. As the vanous structures comprise primanly steel plates 
their fabncation will be discussed. In the riveted design, the plates are sheared 
or square burned to the required size If two plates are alike one may be 
used as a template for the other. Holes are punched in thin plate and holes 
in thirlr plates are sub'punched and reamed or dnlled. The plate is then 
formed by rolling or pressing as the thickness and final shape require. 

After the parts of the furnace shell are fabricated, they are assembled and 
while in their proper position, the sub-punched holes are reamed to size. Thus 
for a riveted design, the furnace must be completely erected and then dis- 
mantled to assure a proper fit in the field For the other structures where the 
fabncation is considered complicated, a similar assembly procedure is neces- 
sary as in the case of a riveted design Small items such as pipe bends are 
assembled and then shop riveted in sections 

Many of the plates in these structures would be bent or flanged to form 
a lap riveted joint. At a transition section, (Fig. 1, Riveted Design), the 
plate is either hot or cold worked_ depending upon the thickness of the plate, 
radius of bend and angle of flanging. 

In the welded design, after the plate is laid out, the edges are prepared 
by either burning or planmg. The plate is then formed by rolling or pressing 
as the thickness and Aape require. Plates joined by butt welds do not require 
flanging at transition sections, (See Fig. 1, Welded Design). Plates fabricated 
for field welded construction generally do not require a shop assembly to assure 
an accurate fit. 

A reduction in the number of pieces for an item by using a welded con- 
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stmction is another savings indication, due to necessary connection welds. 
This IS particularly obvious of the blast furnace mantel A bill of material for 
each mantel is listed below: 


Bill of Material 


Riveted Design 


No. 

Pcs. 

Description 

Mark 

No 

Pcs 

Shape 

Finished 

Sue, 

In. 

Lengths 

Ft 

In 

8 

Mantel Sections 

f • 

4 

Plate 

68^xlX 

14 

0 


1 — each marked 

g 

4 

Plate 

68^xlX 

14 

0 


M4. M-2, M'3. 

k 

4 

Plate 

68>^xlM’ 

14 

0 


M'4. M'5. M-e. 

d 

4 

Plate 


14 

0 


M 7. M-8 

a 

8 

Bent L 

8 X 8 X 13^ L 

15 

iH 



b 

8 

Bent L 

8x8xl>^L 

13 

3K 



c 

8 

Bent L 

8 X 8 X 15^ L 

13 




m 

2 

Bent L 

8x8xlL 

10 

8 


i 

n 

2 

Bent L 

8 X 8 X 1 L 

10 

8 



p 

2 

Bent L 

8 x8 X 1 L 

10 

8 



s 

2 

Bent L 

8 x8 X 1 L 

10 

8 



t 

8 

Plate 

8x1 

1 

1 




389 

Rivets 


0 

33^ 



j 

16 

Bolts 

lAd 

0 

11 



— 

16 

Bolts 

iA9 

1 

0 


WELDED DESIGN 


Furnace Mantel 

3pa 

8 

Plate 

48x23^ 

8 

2^6 

Mark FM 

3ha 

8 

Plate 

Sxl}4 

13 

7^6 


3hb 

8 

Plate 


16 

4H 


3pb 

8 

Plate 

48x2A 

8 




64 

Bolts 

■ ike 

1 

6 



110 lbs. 

W. Wire 

Ho'e.v/. 





240 lbs. 

W. Wire 

JiieF.w 



.... 


The overhead of a weldery is somewhat lower than that of a similar shop 
havmg facilities for riveted construction. The machinery is smaller and less 
expensive. There are fewer tools required. Fewer operations involve lesser 
machinery and supervisory workmen. 

Following IS a table of the fabrication costs of the various structures. They 
reflect the vanous aforementioned advantages of a welded design. 


Fabrication Costs 



Riveted 

Structure 

Welded 

Stiucture 

Savings 

Per Cent. 
Savings 

Furnace shell and mantel. 

$ 9,582 

$ 5.819 

$ 3.763 

39.3 

Shop assemble and ream holes 

1,880 


1,880 

100.0 

Furnace accessories- 

5,275 

3.067 

2,208 

41.9 

Dust catcher, 

6,512 

3,705 

2,807 

43.1 

Whirier. ... ..I 

4,367 

2.543 

1,824 

41.8 

Three hot blast stoves, 

11,784 

7.685 

4,099 

348 

Stack. - - 

2,808 

1.936 

872 

31.1 

Piping and walkways 

80,346 

48,840 

31,506 

39.2 

Total., 

$122,554 

$73,595 

$48,959 

46.4% 
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Erection — ^The procedure was to first completely erect each structure, 
then to weld the joints, carefully following the welding sequence as previously 
outhned. 

The welded design showed several advantages during erection As pre- 
viously indicated with respect to the piping, the erection crew was kept work^ 
mg by welding the pipe in the field Also an uncanny accuracy was obtained 
m the ahgnment and top elevation of the furnace shell. 

The erector of welded structures has the same two important tools in the 
field that are generally used in the fabricating shop — ^the burning torch and 
the welding machine Of occasion he may use these to make adjustments to 
the shop fabneated steel On this job, all of the openings in the structures for 
the pipes were burned at their proper locations, these being determined only 
after the structures were completely erected and welded. This procedure 
assured an accurate alignment. There were some instancs where the pipmg 
did not fit and adjustments were made by burning and welding. Some of the 
platforms and stairways on this piping were then of necessity detailed and 
fabricated approximately to size then ‘■‘’made to fit*’*’ in the field. 

These advantages combined with a comparison of making a butt welded 
joint to nveting a joint are indicated m the following table. 


Erection Costs 



Riveted 

Structure 

Welded 

Structure 

Savings 

Per Cent 
Savings 

Furnace shell and mantel — 

$14,200 

$ 7.040 

$ 7.160 

50.4 

Dust catcher, - 

6,970 

4,150 

2,820 

40 4 

Whirler.... 

2,800 

1,530 

1,270 

45 4 

Three hot blast stoves 

30.400 

16,700 

13,700 ' 

45^1 

Stack. 

7,950 

4,950 

3,000 

37.7 

Piping and walkways i 

40.550 j 

22,700 

17,850 

44 0 

Total 

$102,870 

$57,070 

$45,800 

43 8% 


’’*The furnace accessories were erected in conjunction with the brickwork by the 
brick contractor 

Other items of cost to be considered are freight, taxes and insurance. The 
freight is primarily a function of the weight, the welded structures bemg 
lighter will cost less. To a lesser degree it is a function of the type of fabrica^' 
tion. Certain riveted pipe sections must be shop assembled and^ riveted. These 
large sections at times require an L. G, L rate or a C. L. minimum charge, 
while if they are welded they may be shipped knocked down. 

The cost of social security tax varies as the shop and field labor costs. As 
these costs are reduced by using a welded design the tax is reduced in proiior-' 

tion. -it. 

To protect the workmen and the company, insurance is earned dunng the 

erection of tihe structure. This insurance is for worbnen’s compensation, 
public KaHhty and property damage. Its cost as set up as a percentage of the 
field labor cost. It is also r^uced by using a welded design. 

Proportionate prices and savings for the entire unit, (See Fig. 8), is sum^ 
marized in the following table. These prices indude the cost of materials, 
drafting, shop fabrication, freight, erection, social security tax, insurance, gen- 
eral overhead and profit. The prices of various accessories sudb as manholes 
and nozdes and demout doors are also included. 
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Total Costs 



Riveted 

Structure 

Welded 

Structure 

Savings 

Per Cent. 
Savings 

Furnace shell and mantel 

Furrace accessories 

Dust catcher - 

$65,750 
10,220 
27,450 
14,420 
98,210 i 
17,410 
204,100 

$39,250 

6,870 

18,100 

9,250 

67,880 

12,150 

130,230 

$26,500 

3.350 

9.350 
5,170 

30,330 

5,260 

73,870 j 

40.3 

32 8 

34.1 

35.8 

31.0 

30.2 

36 2 

Whirler. 

Three hot blast stoves i 

fitarb 

Piping and walkways 

Total 

$437,560 

$285,730 

$153,830 

35 2% 


The following table of the summan^ed costs of the matenals and opem- 
tions required to build an arc welded design as compared with the costs of the 
riveted design indicates that the total savings is distributed among all of the 
items which constitute the total cost of the job 


Summarized Costs 



Riveted 

Structures 

Welded 

Structures 

Savings 

Percent, of 
Total Savings 

Material. 

Drafting. 

Shop fabrication. 

Erection. ' 

Acceasones i 

Freight. - - - 

Taxes, insurance, general overhead, 
prof t. - 

$72,550 

10,360 

122,550 

102,870 

21,340 

3,540 

104,350 

$63,200 

6,100 

73,590 

57,070 

12,180 

2,930 

68,660 

$ 9,350 
4,260 
48,960 
45,800 
9,160 

610 

35,690 

61% 

iS% 

31.8% 

29 8% 

6 0% 

0 4% 

231% 

Total 

$437,560 

$283,730 

$153,830 

100 0% 


As this is a job fabncating shop where one or several blast furnaces may 
be built within a given year and as a blast furnace is such a large job occupy^ 
ing the time of various departments for a considerable part of a year it was 
thought better to consider a total “job” gross cost savings accrued from the 
use of arc weldmg by the company, rather than a total ‘‘annuaF’ gross cost 
savings This suggested companson, as shown in the preceding tables, is 
therefore, a representative savings of the initial cost. 

During these times of major adjustments, when statistical information is 
limited, the estimated total annual gross cost savings accrued from the use of 
arc welding by industry in general is restricted in this discussion to the steel 
industry in the United States 

In 1941 there were 5 5^,9 18,000 tons of iron produced in the United States. 
This was obtained with the operation of an average of 220 Hast furnaces at 9S 
per cent capacity throughout the year . The ofEce of production management 
and more recently the war production board has formulated a plan to assist 
the steel companies to increase their production 10,000,000''tons a year. This 
would involve the construction of 28 IjOGO-'tons^pcr^day furnaces. The prcK 
gram is being carried to completion as soon as possible. It is felt that at least 
15 new furnaces will be built this year. Many of these, are already undbr 
construction. It is expected that, although some of these new furnaces arc 
very large, having a capacity of l,300-'tons a day, the average will be about 
l,000'-tons per day. 
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Fig. 7a. Shop detail drawing, zivefed construction, fnmoco montoL 


Initial Cost Savings — On this consideration, the steel industry and the 
United States Government, who is financing most of these projects, will save 
m the initial cost this year by building arc welded blast furnaces: 

15 X 154,000 == $2,310,009 

Next year the savings in the initial cost is expected to be greater* as the 
experience being now gained in building arc welded furnaces will be reflected 
in a lower cost of subsequent welded furnaces. 

Operational Cost Savings — lower maintenance cost is anticipated by 
u^g arc welded furnaces. The furnace, the gas cleaning structures, the air 
preheating structures, and the large pipmg operate under an average pressure 
ojf SO-pounds per square inch. Butt welded joints are a more positive form 
of gas tight construction than joints that must be riveted and then caulked. 
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Fig« 7b. Shop deloil drawing, rlTeted cnnstructioni fumoc* montoL 


This is particularly important in these structures which arc subjected to a 
wide range of temperatures causing considerable expansion and contraction 
during operation. As a blast furnace usually operates continuously for several 
years until it must be shut down to be relined with brick, the appurtenant 
structures, being arc welded, will offer additional assurance of their unintcr-' 
rupted service. 

^ At times a “hot spot” develops on the furnace shell. Water is sprayed on 
this spot to prevent it from breaking out. This frequently causes the plate to 
buckle, necessitating a repair. It is much easier to patdh or replace a plate in 
a welded shell by welding. 

Newer methods and improvements of blast furnace operations require its 
appurtenant equipment to be removed, replaced, or revised many times during 
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the life of the furnace. Welded structures are more adaptable to these adjust" 
ments. A new pipe connection may be easily placed in any part of a welded 
structure. It is an easy matter to add on or tajke out a valve or a manhole 
in a pipe Ime When an entire plant layout is revised, the appurtenant 
equipment and piping may be salvaged to be relocated, welded together and 
used agam 



Fig. S. Tli« completed structure. 


Frequently the hot blast main and bustle pipe must be rdmed. Time and 
labor are saved in relining the smooth inside surfaces of the welded pipe as 
compared to fitting the lining brick over the rivet heads and lap joints of a 
nveted pipe. 

These operational savings will accrue throughout the entire hfe of the 
furnace — about 35 years — ^They are conservatively estimated by blast furnace 
operators as amounting to 5 per cent of the initial cost of the completed 
structures. The cx>st on a complete l,0D0"ton"per"day blast furnace is $3,000/ 
000. The anticipated savings is then $150,000 per furnace. 

The total annual gross cost savings to the steel industry in the United 
States by using blast furnaces of welded construction is the summation of the 
initial savings and the operational savings. When the recent expansion is 
completed there will be about 250 blast furnaces operating in the United 
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States. Conservatively, assuming no further expansion in the near future, 
but merely a savings derived from replacing old furnaces, the savings is: 

250/35 = 7 furnaces replaced per year 
$150,000/35 == $4,300 operational savings per furnace 
per year 

Initial Cost Savings = 7 X $154,000 = $1,078,000 
Operational Cost Savings = 250 X $ 4,300 = $1,075,000 


Total Cost Savings per year to the steel in- 

dustries in the United States $2,153,000 

But of greater importance in these turbulent times is the consideration of 
public safety — of the social advantages that must be obtained and retained. 
A cost savings may imply greater profits. But nov7 it takes on a more signifi' 
cant meaning. A cost savings, by using arc welding, is an index of the mate- 
rial, the man hours and the production time that it has made available to be 
used in making other necessary structures and war equipment. 

Arc welding is assisting the expansion of our steel production at its very 
nucleus — ^the blast furnace. It is making available more iron, to be refined 
into steel which will then be used to make more vital war equipment. 

Recently, a leading steel producer received a message radioed from Mel- 
bourne, Australia by General Douglas MacArthur complimenting them for 
their record breaking production. It read: — 

‘^ARTY CONGRATULATIONS ON THE MAGNIFICENT 
RECORD YOU ARE MAKING ON BEHALF OF OUR BELOVED 
COUNTRY.’’ 

A short time beforehand arc welding made available to the company a new 
blast furnace, built months ahead of schedule. This furnace increased the 
plant’s iron production by more than one third. Therefore, fundamentally, 
this display of appreciation was to arc welding. 



Chapter XXVIII — Carbon Arc Welding in Production of Clad 

Steels 

By T. S. Fitch and L. W. Townsend 
President and Vice President, Respectively, Composite Steels, Inc., 
V/dshington, Pennsylvania 

Subject Matter: The function of cai^on 
arc welding in producing clad steels. The 
method of producing clad steels as de- 
scribed consists of two pairs of the clad- 
ding plates, with separating medium 
between them, ‘■'sandwiched” between 
thicker mild-steel slabs. The gaps at the 
edges, instead of being filled with weld 
material, are arc welded using a spacer 
bar of material similar to the backing 
plates. This new method gave a superior 
weld in much less time with an average 
10% saving in slab weight. This resulted 
in a saving of $16,5'37.5'0 in 14 months. 

T. S. Fitch The paper also describes special arrange- L. W. Townsend 

ments, welding units, magnetic boot and 
cooling system used in this process. 




In the majority of cases, relatively expensive metals such as copper, 
nickel, and stainless steel, are utili 2 ;ed because they serve certain useful func-' 
tions such as corrosion and oxidation resistance. In the majority of cases, 
these superior inherent properties are required on the surface only; for 
example, a brine tank need have corrosion resistance only on the inside. 
Since these materials are relatively expensive, economy could be and has been 
effected by developing combinations of these expensive materials with ordi- 
nary steel plate; such composite plates or sheets are customarily referred to as 
'^clad metals’'. The production of stainless^clad steel, for example, in 1941 was 
approximately 8,000, OOO’^pounds, as compared to a production of solid stain^ 
less steel in sheet and plate form of 800,000,000''pounds. It is, .therefore, 
obvious that the present production of stainless clad is but a very small 
proportion of the over-'all picture. It is equally true that a far greater 
proportion of solid material could be produced and used in clad form; 
its production has been increased this year and it will no doubt increase 
to a far greater extent in the future. Whereas many products are being 
produced in great quantities at the present time because of the war, stainless 
clad should continue to grow indefinitely. 

One of the several dfectivc methods of producing clad metals is the 
‘"assembly method"’. If reference is made to Figs, 1-A and 1-B, it will be 
noted that a pair of plates, with a separating mecHum between them, is “sand'' 
wiched” between two relatively thicker mild^steel slabs. These mild steel 
slabs are also relatively longer and wider. Into die resulting gaps arc placed 
spacer bars of the same analysis as the backing steel. The assembly is then 
peripherally welded to hold the components together and to occlude furnace 
gases during heating" Such an assembly, after welding* is heated to approxi-" 
mately 2250® Fahrenheit and then roll^ on the conventional plate mill; after 
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Fig. la and lb. Prepamflon for welding. 


rolling and nccessaiy sub-processing, the rolled plate is sheared into the 
separating plane, resulting in two clad plates. 

Since the assembly must be reduced as much as twenty times through 
very powerful rolls, it is obvious that the welds ca^st have great strength 
at elevated temperatures. The method of welding originally employed tt* 
quired deep welding grooves, these grooves were effected by making the 
backing plates considerably longer and wider than the inserts and spacer 
bars combined. These grooves had to be at least ^rinch deep and as deep as 
2 y 2 ^i^ch.es on very heavy assemblies Then the welding groove was 
pletely filled with weld metal, obviously very substantial amounts of weld 
metal had to be deposited. In addition, the weld metal was simply laid into 
the groove and did not necessarily effect a deep penetration into the backing 
steel; in other words, the final weld is not necessarily ideal 

In the Fall of 1940, a weldmg equipment manufacturer held a series of 
lectures on welding, during which reference was made to carbon arc welding 
equipment. At that time, it occurred to the writer that this system might be 
apphed to our assemblies to very good advantage. Instead of depositing an 
appreciable amount of weld metal, we would simply melt the components and 
replace the oxidation loss with a relatively small amount of filler wire Further, 
we could reduce the size of the backing plates to the extent that the edges of 
the backing plates would be parallel to the outside face of the spacer bar 
rather tlxan extending considerably beyond It also seemed logical that we 
might effect a supenor weld, since we would get considerably more penetra^ 
tion with the carbon arc weld than we did previously. The former method 
employed was not fast, especially on heavy slabs, whereas the carbon arc weld^ 
ing was not only faster, but it was possible that one pass would serve where 
2, 3 or 4 passes had been utili 2 ;ed previously. Inasmuch as we were cutting 
down the amount of metal deposited and the time required, it followed auto^ 
matically that the weldmg cost should be less and apparently appreaably so* 
Reference to Table I substantiates in detail our expa::tations as to the 
savings in weight and, therefore, the increase m yield— which is the funda-* 
mental method of cost improvement in a steel mill. 
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In Table II, there is presented a breakdown of the costs in connection 
with the carbon arc welding system now employed. The figures given as to 
savings for a converter of such slabs are accurate. The figures given as a 
comparison of the previous welding costs can only be estimated, since those 
figures are not available to us; however, every effort has been made to sub^ 
stantiate these figures and we have reason to believe that they are sub^ 
stantially accurate. 


Table I — Savings in Weight, Typical Examples 


Former Si 2 ;c 

Present Si2;c 

Former 

Weight 

Present 

Weight 

Saved 

2yz'' X 31^ X 50" 

21 / 2 " X 30" X 50" 

1.115# 

1.060# 

4.9556' 

3" X I 8 V 2 " X y2!4' 

3" X 27" X 51" 

1,270# 

1,170# 

7.9056' 

5" X 34?4‘ X 58* 

5" X 3214" X 55%" 

2,870# 

2,550# 

11 . 12 ;% 

71 / 2 " X 37" X 58'/i" 

71 / 2 " X 34" X 551 / 2 " 

4,620# 

4,010# 

13.20% 

10" X 35%" X 4454' 

10" X 32%" X 41%" 

4,565# 

3,840# 

15.90% 

15" X 36" X 48" 

15" X 32" X 44" 

7,350# 

5.975# 

18.70% 

20" X 47" X 62' 

20" X 42" X 57" 

Bnk I ft ilB 

13,550# 

17.85%* 

25" X 53" X 66" 

25" X 48" X 61" 


20,750# 

16.30%* 


*The reason these decrease in percentage is that over 15'^ total thiclcncss, by the 
previous method, the depth of the groove remained constant so the sidescrap is less 
in proportion to total weight. . 

Our average slab weight since adoption of the present method is 2,625^ 
pounds. Therefore, the overrall savings have been almost exactly 10 per cent. 

1200 assemblies have been welded using the carbon arc welder. Thus, at 
an average of 2,625-pounds per slab, the total weight welded to date is 
3,150,000-pounds. At the average saving of 10 per cent, we arrive at a total 
savings of 315,000-pounds in 14 months. 



fig, %. Foi»-|wwit gemtry ii®velop®dl lor woh&if , 
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Table 11 — Analyses of Costs 

For the Converter— The company selling the stainless clad pays the company 
■which does the assembling, ■welding, heating, rolling, e^ , 
an average of $ 0525 per pound of the assembly weight 
Thus, the seller has saved 3 15,000'pounds by $ 0525 or 
$16,537.50 in the 14'month penod 

The follovnng cost figures m detail cover 1100 assemblies, 2,885,798' 
pounds. The average assembly was 3 3 'inches by 47'inches by 6'inches, and 
the average weight was 2625'pounds 
Cost to Weld 

Welding Carbons 

Filler Metal , ^96.34 

Steelflux 

Overhead - 


Power 


559*78 


Supphes ^J2.91 

Labor — Operating Welder 8,035 03 

Social Security Taxes — ^Labor 190.80 

Worfcmen'’s Compensation Insurance — 65 32 

Depreciation on Equipment 1,737 99 


Administrative and General Expenses 

Interest 

Public Liability Insurance 

Taxes 

Salaries 

Organisjation Expense 

Office Expense 


16,028 13 

128 28 
57 50 
855.27 
2,350.00 
272.20 
88.36 


3,751 61 

Total Expense - 19,779.74 

Cost per pound === $19,779 74 -4- 2,885,798 pounds == $ 00685. 

Total number lineal feet welded — ^29,326. 

Ultimate Cost Per Foot == $19,779.74 29,326 pounds = $0 6744. 

Labor Cost Per Foot = $6,035 03 29,326 = $.2057, 

Power Cost Per Foot = $559 78 29,326 = $.0190. 


Comparison of Methods* 
On a Per Foot Basis 


Total 

Thickness 

Number Welds 
per Side 

Former Method 

Number Welds 
per Side 
Carbon^Arc 

Previous 

Cost 
per Foot 

Present 

Coat 
per Foot 

3 . . 

1 

1 

5a750O 

$0.6744 

5 * 

2 

2 

1 5000 

1.2126 


3 

2 

22500 i 

1.2126 

Over 10" 

4 

2 

30000 

1.2126 


♦We did not have the cost £gures on the previous method, but from very close 
contact with that machine and costs from similar machines, we feel our estimates are 
conservative. 
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Fig. 3. Nomenclatuie- 


Several test assemblies were made up and carbon arc welded m a shop 
having approximately suitable equipment, each of the trial assemblies was 
processed in the usual manner and found satisfactory. Therefore, orders were 
placed for a twin ^'Electronic Tornado"’ carbon arc welder and two 400" 
ampere generators The welder was specified to be of the tractor type so that 
it might operate on beams or on flat plates. Also, the machine was designed 
and supplied to operate with diameter carbons 

The problem then arose as to the best means of handling the assemblies; 
in our case, the original cost was of particular importance. Would it be 
cheaper to make the welder more or less stationary, or would it be more 
satisfactory to arrange for considerable mobihty of the machine? Since the 
welder weighed some 400"pounds and the slabs ran up as high as 25,000" 
pounds. It was deaded that it would be more economical to make the welder 
movable witto a considerable range, rather than moving extremely heavy 
iabs. If the reader will refer to the photograph. Fig. 2, and sketch. Fig, 3, 
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he will observe that we developed a four-'post gantry which moves on rails, 
it has a travel of sixty feet up and down the shop. The cross beams are 
arranged so that they may be adjusted transversely and perpendicularly within 
the frame. The transverse and perpendicular motions are operated through 
an electnc motor; the gantry is moved with a railroad jack which is satis^ 
factory, since it is not moved more than two or three times per turn, and it 
moves reasonably easily — ^two men can push it. The two beams which support 
the welder are set at the required 6 degree angle as required for proper carbon 
arc welding. 

Slabs up to 42-mches wide, regardless of their length, are set up m troughs, 
which troughs are constructed so that they also have the necessary 6 degree 
angle Slabs over 42'inches are set up in a specially designed, reinforced 
concrete pit. The pit is in the center of the rails on which the gantry moves 
and there are two troughs on one end and one on the other end of the pit, so 
placed that the gantry can be positioned over them. 

This arrangement enables us to set up slabs in either the pit or the troughs, 
while welding is being done elsewhere in the Ime When we first went into 
operation, we were only able to operate 23 per cent actual weldmg per turn, 
this has now been improved to the pomt where we often operated at 50 per 



FIqt. 4. Startibg weld ptocndturo* 
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cent of the full turn. The ultimate actual welding time expressed in percentage 
IS probably about 60 per cent because the runs are relatively short and, there^ 
fore, there must be numerous stoppages, resettings, and commencements 
at the start of each weld, one does not proceed at the usual speed, (See 
Fig. 4). 

Subsidiary equipment has also been required and secured from time to 
time Under practical operating conditions, it is virtually impossible to expect 
a perfect fit^up in all cases, (See Fig 5), so that certain jigs and drawjacks are 
employed; further remarks will be made regarding fit-up later on Rather 
than try to hold the components together mechanically, some hand welding is 
advisable, therefore, we found it advisable to secure a third 400-ampere 
generator Before we had the third generator, we used one of the two onginal 
machines, but this held up the arc welder Certain heating equipment of a 
simple and inexpensive nature has been secured to ensure freedom from 
moisture within the assembly; it has been found that if there is any moisture, 
steam is created dunng heating and this creates a further strain on the weld 
— ^when the rolling stresses are already very high. 

As stated heretofore, the power for the arc welder was originally supplied 
by two 400-ampere generators As we became more familiar with the tech- 
nique and in view of the occasional fractures of the welds durmg rollmg, we 
decided to put more power through the machine. We, therefore, secured a 
600-ampere generator, which is hooked with one 400-ampere machine mto a 
fixed circuit with the welder; in addition, another 400-ampere generator is 
so set up that it can be cut into the circuit and thus provide 1400-amperes 
The power arrangement is indicated in Fig. 6, and the relationship of the depth 
of the welds to the amperage may be observed in Table IV. The current is 
earned to the welding head by three 00 welding cables and the current used is 
from 800- to 1500-amperes The three cables carrying the current are con- 
nected to a lug back from the heat of the arc and the current is carried from 
there to the twin tornadoes by four 00 cables which can be easily replaced. 
It has been found that connecting two of these cables to the twin tornado’s 
water inlet connection and two of them to the carbon tornado’s water outlet 
connecion, gives the proper arc direction at the high current used by us. 

When we increased the amperage through the boots to more than 1,000- 
amperes, we began to bum out the magnetic boot in some cases and the 
carbon-carrjnng boot in other cases. It was, therefore, necessary to augment 
the cooling capacity of the system; the manner in which this was worked out 
may be observed in detail in Table III. We feel that this redesign of the 
cooling system has particular ment as it would soon have proven uneconomical 
to operate the arc welder over l,000-ampere8, while at the same time, we 
would have encountered a limitation in our arc welding which would have 
greatly reduced its over-all benefit. 

Because this redesign of the cooling system might be of value to others, 
wc would comment as follows: 

The water cooling system is the most critical item to be handled in auto- 
matic carbon arc welding. The current earned to the head by three 00 cables, 
and to the boots by four 00 cables is then carried by thin walled copper 
tubing to the carbon. In order to prevent the tubing from melting, water is 
pumped through continuously, (Sec Fig. 7). If high current is used, it is 
adviablc to have a sepaurate feed and return Imc to each boot. There are 
vacuum switches in the water return lines which are designed to break the 
arc imitt^ately if the water stops for any reason. The water system is a 
dosed system pumping from a 42-gallon tank and returning to a 5 5 -gallon 
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drum The centrifugal pump is placed below the top of the drum so that it 
is primed at all times \^en operating continuously at high amperage, there 
is a build-up of heat m the water with approximately 100-gallons in a closed 
system Each time the water goes through the system while an arc is struck, 
it picks up more heat than can be dissipated between passes In order over- 
come this condition, it was necessary to either run fresh water through the 
system all the time, which would be expensive, or make some provision tor 
cooling the water in the return Imes This problem was overcome running 
the return lines into an old-type brass tube automobile radiator The outlet 
from the radiator was connected to the 5 S' -gallon drum A ventilator type 
fan was connected to the radiator so that air was blown through the radiator. 
This arrangement cooled the water so that it did not become hotter than 
120 degrees F in the hottest weather and using high current 

The water switches are most important, as, if they do not shut the machine 
down immediatel}’' when the water stops circulating at the proper speed, either 
boot may be turned These switches should be set with a good margin of 
safety. The switches should be placed at the highest point in the line to 
eliminate any back pressure And it proved best in our case to make the 
highest point the turn where the return lines went into the radiator The 
water switches were placed on a panel above the radiator, and hose longer 
than the return line was used to carry the water from the vacuum exhaust 
to the radiator The water lines should be made of hose which has a firm 
rubber Immg inside and one or two ply of reinforcing, such as beer hose 
Do not use hose with soft rubber linmg such as oxy^acetelyne hose or hose 
with no textile reinforcing 

Let us now consider actual welding with the above-descnbed equipment, 
a guidance chart, Table III, has been prepared and is enclosed hereinafter 
The arc voltage, amperage, and weldmg speed per minute for each of the 
sixes has been estabhshed by actual practice, and in each case has been found 
to yield the strongest and most ductile weld at the rolling temperature. This 
chart IS indicative to the extent that numerous vanations are possible, not all 
thicknesses have been included, where the thicknesses are different from those 
shown, the settings will be proportional within the ranges indicated for each 
of the settings 

This chart has been set up on the basis of the thicknesses of the assemblies 
in ascending order; this is not necessarily the predominant factor. The depth, 
or tTitVlfn ps.g , of the spacer bar shall pre-determine the character of the weld 
desired; the spacer bar thickness or depth is the underlined figure m Column 
IV. It is not true that the relationship between the msert thickness and the 
harking thickness remains constant. For example, we have shown the use of a 
y 2 'inch thick insert with a 2-mch thick backing, actually, the insert might be 
as little as J4"iiich in thickness or as much as l-inch, depending upon the 
percentage of cladding desired on the finished plate. Incidentally, the total 
slab thickness is computed by adding two times the figure in the second 
column to two times the figure in the third column 

At the bottom of the chart, there is an exception in the order. You will 
note that in all other cases two beads are made on each side of the assembly; 
in other words, you make one weld down one side of the spacer bar and 
another weld down the other side of it. Or, to put it otherwise, refer to Fig. 
I'B, which will disclose that there are two seams on each side of every m- 
sembly; each of these seams must be welded. But in the case of assemblies 
where the spacer bar is Vz'itich wide or less, it has been found that one 
single arc weld may be made down along the center of the spacer bar which 
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Fig. 5. Fit-ups. 


yields a sufficiently strong weld for heating and rolling Thus, in spite of 
the fact that there are two seams on relatively thin assemblies, one bead per 
side suffiiceSii 

Reference to Fig. 8 discloses the recommended positioning of the carbon 
in the molten pool. This position is, of course, a function of voltage, amperage, 
and speed, it is a practical means, and a good one, of verifying the correct-' 
ness of the settings When the carbon is too far behind the front of the 
crater, we found that porosity existed. Such porosity would be undesirable 
in any application of carbon arc welding. 

In our particular application, due to the presence primarily of the separat- 
ing compounds, we were troubled with moisture. Appreciable heat is g^" 
erated during welding, and we found that we not only generated steam which 
caused trouble in rolling, but the weld itself tended to^ be less solid. This 
difficulty has been overcome almost entirely by pre-heating the slate at 120 
degrees to 130 degrees F. for approximately 24 hours Our work has indicated 
that carbon arc welding is very sensitive to moisture, and it is suggested that 
anyone using such equipment should guard against moisture in any form, 
especially in winter or rainy weather. 

The original practice was to hand weld starting and stopping lugs on cither 
end of the run It was subsequently discovered that this is not necessary if 
one proceeds as per Fig. 4. By setting the carbon ^^enneh from the edge of 
the slab, you create a pool which does not wash down the side. As soon as 
a crater of the proper depth is formed, proceed at the prescribed speed. 
When you get to the end of the run, the machine may be halted momentarily 
about %0nnch from the end, which will likewise produce a thorough weld. 
If a crater exists after the cooling, clean off the slag and fill in by hand weld'' 
mg 

The accuracy of the fit-up of the various components will obviously have 
an important beanng upon the welding procedure. Our expenence would 
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indicate that a tolerance of ^^e-inch may be safely applied to any pomt of 
fitment Fig. 5 shows six misfits 

Where a gap exists as indicated in we move the carbon over onto 
the backing slab about %( 5 "inch from the open seam Using relatively low 
amperage, low voltage and ordinary speed, we make a light weld which closes 
up the gap. Another advantage of so proceeding is that very little, if any, 
molten metal falls down between the inserts (that would be undesirable) 
because only the cooler portion of the pool enters the gap and it free2;es im- 
mediately After we have closed the gap m this fashion, we go back and make 
a regular weld 

It should be mentioned here that the skill of the operator plays an im- 
portant part in handling gaps. A gap is not necessarily of uniform width; 
it usually develops because of a bow in one or more of the components. If 
€he welder is skilled, he can guide the machine so that it will maintain the 
% 6 -inch distance from the gap along the entire line of welding An inex- 
perienced welder may get too close to the gap and cause molten metal to fall 
down into the slab 

Figure "'B" is probably the worst condition that can exist, because the 
effective depth of the bar is decreased. Generally speaking, the thickness of 
the spacer bar is such that the arc weld will almost penetrate through its 
entire thickness. If the slab is not too heavy nor too large, or if the projection 
is not more than J/g-inch, we proceed with the welds in much the usual man- 
ner except that we decrease the voltage and the amperage. Obviously, this 
IS done to reduce the penetration, and the actual amount of reduction of am- 
perage and voltage will be dependent upon how much penetration is desired. 
Figures ‘‘'C”, “D", and “’E" are all handled in a similar manner In each case, 
there is one reasonably satisfactory or perfect abutment. Then the second 
weld is made in accordance with the remarks with regard to ‘‘B”. In the 



Fig. 6. Gbaerol axTCtngetnani Gbn^rotoro A and B at@ used up 1o lOOB-omperes. Gen- 
eratofii JU B cmd C mm med lor loads In excess ol lOdO-omperes. Generators A and B 
mof 1># <^j>ercited Independentlir ol C: C may Be cut out at &e pole switch. The exdter 
In B is used for outomodc exdtodon regardless of whether 2 or B generators ore coiir- 
neeted. The exdter In A i« txsed for tractor and automate welder head drive. 
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Fig. 7. Special arrangement to cool boots up to 1400-amperes. 


case of weld the highest abutment first, following the same procedure 
as outlined for Then weld the lower abutment, again following the 
same procedure as for 

Before pre-heating and welding, all slabs are carefully examined so that 
if there is any misfittmg beyond a reasonable maximum (generally speaking, 
about % 6 -inch), they are sent back for correction within the prescribed limits. 

In some instances, the welding heat may cause a slight gap on the unwelded 
sides, even though the components may be very well tacked together. If this 
gap IS between ^^id J/^-inch wide, we have found that a good weld can 
be effected by simply mcreasing the voltage by two volts. If the gap exceeds 
l/s'inch, use the procedure as described for Fig. 5- A 

Anyone who has used carbon arc welding equipment has probably en- 
countered ''arc blow'’, in other words, an erratic or a spitting welding action. 
In our case, we have found that we can correct this by increasing the forward 
speed of the tractor. Or we can guide the filler wire nearer to the arc magnet 
side of the boot, at the same time lowenng it to within J/g-mch of the slab. 

Table IV — Penetration of Arc Welds Relative to Amperage 


SOO-Ainperes 
900-Ainperes 
1,000- Amperes 
1,200-Amperes 
1,400- Amperes 


jA-inch penetration 
^'inch penetration 
%-mch penetration 
^0-Inch penetration 
%nnch penetration 


For a given amperage, the penetration remains substantially constant regardless of the 
rate of speed However, at a relatively high speed, the cross-sectional area of the weld 
IS V-shaped and comparatively jEat on top, nsing only slightly above the plane of the 
two pieces being welded. If the speed is decreased below normal, the cross-secdonal 
area of the weld is increased to a U-shape. 

For our work, the best weld is approximately twice as wide at the top as it is deep. 
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Although It does not occur often, we sometimes encounter cracks in the 
welds We are more apt to encounter this condition when using special 
analyses 'Of backing steels, the higher the carbon and/or the higher the alloy 
content, the more the tendency will be to cracking In such cases, we weld 
the slab completely all the way around, then we go back and re-weld, after 
cleaning off the flux, but we shut off all filler wire, retain the usual speed 
and voltage but reduce the amperage by 50" to 75 "amperes If, when we 
start to re" weld, we encounter re"crackmg, allow the slab to cool for 24 hours 
and then follow the re"welding procedure outlined above If a crack does 
not extend the full length of the seam, weld the full length of that seam 
anyway Generally speaking, when you cannot hold your hand on a slab, 
do not weld on it 

On welds exceeding 950"amperes, it has been found essential to check 
each individual carbon. The carbon should be cleaned with emery cloth so 
that It fits perfectly in the boot Otherwise, the high current may cause the 
carbon to stick which will break either the carbon or sometimes the spindle 
Needless to say, we have found it advisable to keep the machine thoroughly 
clean. If we do not do so, we have found by experience that our efficiency is 
noticeably reduced, so each welder cleans the machine after his turn. 

After the assembly comes off the arc welder, it is carefully examined for 
any fissures or craters. Short fissures, two to three inches, may be hand 
welded; likewise, craters may be corrected by hand welding. In some cases, 
where we expect to effect an unusually wide plate by extensive cross rolling, 
we will hand weld strips around the edges of the assembly at a 90 degree 
angle to the carbon arc welds It is recommended that this procedure be 
followed by anyone starting to use such a system until they become fully 
conversant with the technique. 

This carbon arc welder is so arranged that it can be taken out of the gantry 
and used for welding flat plates or pipe. In other words, it is an alhpurpose 
machine 

Such work of this nature as we have done was found to be entirely satis" 
factory. One of the questions that often arises regarding carbon arc welding 
is ‘What is the analysis of the finished weld as compared to the components?’' 
Such an analysis is presented herewith: — 


Parent Metal 


Weld Metal 


.19 


.15 


Carbon... ..... ... 


Manganese..., 

Phosphorus..., 

Snlphuar,.-...,^.. 


.47 

.013 

.032 

040 


.49 

.013 

.032 

040 
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In conclusion, may we say that the carbon arc welding has fulfilled our 
^pectations to our entire satisfaction, in fact, in so far as increase in yield 
is concerned, it has exceeded our expectations. The costs per lineal foot 
in this application of carbon arc welding probably do not compare particularly 
well with the usual adaptation of the process; we feel this may be explained 
by the fact that our rtms are comparatively short, though numerous; and at 
all times, we are striving to effect maximum penetration on heavy sections. 
However, it is entirely clear that the present lineal foot costs are very favor- 
able indeed for the carbon arc welder, as compared to the previous method. 
We are also satisfied that the character of the weld meets oxir requirements 
to a greater extent than did the previous method. 

W’e summari 2 :e herewith the various items of conservation effected: — (a) 
Less weight per slab by an average of 10 per cent; (b) More slabs welded per 
turn; (c) Much less weld metal; (d) The fundamental conservation of alloy 
steel by making it in clad form by this process. 



Chapter XXIX — Arc Welding in the Manufacture of Mowers 

By Howard W. Simpson 

Chief Engineer, Detroit Harvester Co., Detroit, Michigan 


Subject Matter: The design, construction and cost of arc welded 
heavy-duty power mowers. Arc welding this unit decreased the 
weight, eliminated loosening of parts, eliminated costly and 
critical materials and produced a mower which could be oper^ 
ated at high speeds for long periods of time without need of 
repair. Unique plug welding of spline and press fits decreased 
fabrication cost and eliminated wear and loosening of parts in 
service. Plug welding of malleable iron hubs to steel shafts 
eliminated expensive steel castings and forgings. The use of 
plug welding for many parts on this unit resulted in savings of 
between 4% and 40% as compared with other methods. 

Howard W. Simpson 



In the mass production of industrial or farm machinery, arc welding is 
subject to the keen competition of all other methods of manufacture. The 
parts are usually small enough to be made by various processes and quan" 
tities are sufficient to allow for amorthjation of patterns, dies or equipment 
that might be required by any one of several methods available. 

Where arc welding has been used therefore in the mowing machine 
shown in Figs. 1 to 5, it has been because of lower cost, lighter weight and 
greater ability to withstand vibration and shock loads than any other type 
of construction which we have tried. 

Previous Construction — Before high speed and light weight became the 
order of the day for modern tractor equipment, the selection of materials 
were largely a matter of engineering convenience. 

Construction was of cast iron, hot rolled low carbon steel, with braces 
and framework made of flat bars or structural steel, and bolted together. 
The shafts were usually supported on plain bearings in a cast iron frame 
or in cast iron brackets bolted to the steel frame. The result was that the 



Rg. la, Uef^. Mower wilb blode in cutting position. Fig. lb, (right). Mower with blade In 

running positioo. 
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weiglit was high, and bolts would come loose. We have ehmmated this as 
m nr^ as possible by arc weldmg and the use of high grade matenala. 

Parts that rotated with shafts were attached cither by a cross pm or 
rivet, a set screw, a key or by means of a spline. The method depended 
somewhat upon Ae torque transmitted. None were as sure a method or 
locking the part to the shaft securely as the arc weldmg method here 
descnbcd. 

Previous Mowers Slow in Speed — The reciprocating sickle^type of moW' 
ing machine was pretty well standardi2;ed as a horse-drawn implement along 
general lines indicated above before the tractor era. The slow speed of 
horses permitted a slow sickle speed with little vibration Until recently 
the tractor mower has been merely an adaptation of the horse drawn mower 
by driving it from the power take-off shaft (projectmg from the rear of 
the tractor) instead of from the ground wheels. The older methods and 
materials do not stand up with the high speeds now available. 

Modem Mowers Must Run at High Speeds — Both farm and industrial 
tractors of the day are light-weight machine mounted on rubber tires or 
special steel wheels which will permit relatively high speeds By designing 
a new mower to resist wear and tear of high speeds we have enabled 
operators to make full use of the available speed in their tractors Our 
mowers are now operating as fast as 11-miles per hour instead of 2- to 4- 
miles per hour with older types. But increased speed is only part of the 


picture 

Heavy Duty Mowers Used for Longer Periods — ^The mower on the 
average farm is used only a few days a year. If two or three crops of hay 
are cut a few more days use are added But in highway and airfield mowing, 
for which our machines are designed, the work extends over the entire 
growing season of about 4 months Often the work requires mowing two 
shifts per day 

Likewise in the south and west part of the country mowers are often 
used to cut irrigated alfalfa eight or ten times a year and by the time the 
last field of a large farm is cut the first field is ready to be cut again. In this 
case the mower is in almost daily use for about eight months of me year, and 
other tractors are kept for the other farm work. 


Vibration — ^The sickle speed must of course be increased in proportion 
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to forward travel. It has not been possible to reduce the weight of the 
sickle however as compared with that of the horse-drawn type mower and 
so vibration is increased 

A six-foot sickle weighs 9V2''POunds and has a 3 -inch stroke When 
mowing at 5 -miles per hour in second gear or 11 -miles per hour m high 
the mower flywheel runs at 1422 revolutions per minute or 2844 cutting 
strokes of the sickle per minute Although this is over twice as fast as the 
horse-drawn mower, the arc welding of various parts permits this mower 
to stand up and also operate on heavier schedules. 

Roadside Mowing Requires Ruggedness — Besides higher vibration loads 
there is the increased magnitude of shock loads to contend with in roadside 
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Hg. S. Heory-daly mower right side view. 


mowing This is due to frequently met obstruction and uneven ground. 
Brush and small saplings are cut down. Wires, stones, tin cans and stakes 
hidden by the grass are frequently encountered and the mower must cut 
into or through them If the resistance is too great a safety release device 
allows the bar to swing backward and at the same time stops the tractor 
by disengaging the clutch This pumshment is taken care of by using a 
sickle that is reinforced and has extra thick sickle sections and a forged and 
heat-treated head with a hardened ball driving connection arc welded 
in place. 

Plug Type Arc Welding Favored — Our experience shows a plug type 
of weld IS made quicker than other types such as butt, edge, fillet or lap 
welds Two plug welds in holes ^Yis'inch diameter give sufficient strength 
in most parts of the mowing machine These welds require only 1?- to 30- 
seconds each Consequently we are usmg this method wherever possible. It 
has also been found that malleable iron can be welded to steel successfully 
by this method This has been a life-saver as we formerly used steel castings 
entirely when arc weldmg castings to steel but steel castings are now difficult 
to obtain even with the best pnority ratmgs. 

Although heating malleable to the fusing point tends to turn it back to 
white iron, actual checks of these welds shows the metal hardens only slightly. 
This IS shown in Fig 6, which is a Rockwell hardness test taken at close 
intervals across several such welds. Note that the hardness of the malleable 
iron, ffir enough from the weld to not be heated, is approximately B-65' 
B-70 Rockwell. The hardest spot checked is B-lOfi Rockwell which corre- 
sponds to approximately 285 Brmell. This is far below the 401 Brinell 
which is the average hardness of these castings m their original white iron 
state. Besides, a plug weld, if not too near the edge of the casting is sur- 
rounded by sufficient metal in the original malleable condition to support it, 
and m actual use we have no trouble from welding malleable to steel m this 
way. We do not, however, attempt to weld malleable to steel where tihe 
weld would be subjected to tension. Nor do we attempt to weld malleable 
iron to malleable iron. 

Welds are made in our plant by pressing the steel part into a hub of 
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the malleable castmg with a hght press fit and then plug welding through 
cross holes in the hub only % 2 'inch. electrodes are ordmanly used and 
J4dnch diameter when less heat is desired Peening the weld before cooling 
IS in most cases not necessary. Loads earned through the welded joint sub'* 
jects the metal at the surface of the shaft to shear stress Loads transmitted 
to or from the casting causes compression stresses at the weld. 

The first year we welded malleable iron to steel in production it was 
only put through on two parts of the mower even though field tests had 
shown It to be satisfactory. This gave no trouble or failures and so the 
second year we plug-welded several more malleables by the specific method 
described and are now usmg the method also on other models not described 
in this paper. 

Description of Mower — ^The mower which is built with the arc welding 
described, is mounted on the side of the tractor where it is in full view 
of the operator The drive is from the rear power take-off shaft by V^belts to 
a jackshaft (mounted under the axle) and from there to the mower crank" 
shaft through an enclosed propeller shaft with universal joint at each end. 

The mower mechanism is supported by a heavy crossbar which passes 
under the transmission and is hmged at the left side of the tractor The 
telescoping propeller shaft housing holds the mower bar in alignment but 
does not take any thrust in normal cutting. A heavy spring extending to the 
front axle keeps the bar in normal position but permits it to swing back- 
ward when an obstacle is encountered as both the propeller shaft and the 
propeller shaft tube can telescope The mower crankshaft is concentric 



Pig, 6. Eoofcwiili pl«g In malleable Iron costingi. 
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Fig. 7, (left). First design of counterbalanced wheel and shaft. Fig. 8, (right). Section c 

for tests. 

with the hinge point of the bar which allows the bar to cut up or dow 
the side of a ditch or bank at any angle. The weight is partially balance 
by springs to prevent digging into the ground and the mower can be folde 
up and lifted off' the ground at the inner end simultaneously by means of 
hydraulic cylinder connected to the mower by a flexible cable. The mowc 
is mounted on two welded steel side members attached to the transmissio] 
These are necessary as the tractor is of the frameless type. The cross-bar ( 
the mower is attached to the frame at a rubber bushed bracket which great 
reduces vibration on the tractor itself. The weight of the dffoot mower 
45 3 -pounds which is just half the weight of trailer type horse and tractc 
mowers which weigh from 825- to 980-pounds. 

Social Advantages — ^From the standpoint of safety it is advisable to ha\; 
clear vision on roadsides to reduce the danger of motorists hitting childre 
or animals. Besides, the destruction of noxious weeds by mowing greate 
mileage of roadsides is of great value to farmers. 

The social advantage of arc welding this mower rests in the higher spee 
which it permits. This results in greater acreage, or mileage of roadsides ci 
per year by this mower than would be possible otherwise. 

Welding Practice for Mower — ^Following are ^ detailed descriptions c 
parts of the above mower which we are producing cheaper and better b 
arc welding. Some of these represent only a small saving per piece but ar 
included, as the comparatively large quantity multiplies these savings to si^ab] 
figures. 

The net savings with the arc welding as compared with other manufac 
turing methods tried are given and totals summed up at the end of the papei 



Fig* 9* Head as first forged with ball Integral (top) .and changed fo.r pre#sing bgll Into 

position (bottona). 
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Fig. 10, (above). Ball nveted and welded in place on sickle head. Fig 11, (below). Arc 
welded ball with short shank after hammer test. 

(A.J, Crankshaft — ^This consists of a ^^/ 4 'inch diameter malleable iron 
counterbalanced wheel weighing SVi^poimds and a l%6dnch diameter heat 
treated S A.E. 4140 steel shaft 

In the first design shown at the left in Fig 7, the wheel and shaft were 
splined together and assembled with a light press fit. 

The load from the reciprocating knife is applied at the crank pin which 
is overhung and thus tends to rock the wheel on the shaft first one way and 
then the other. In some severe mowing conditions the ends of the malleable 
iron hub were thus subjected to compressive loads beyond the elastic limit 
and the hole eventually was worn belhmotithed at each end. The cross^pin 
prevented the wheel from coining off but did not contnbute to holding 
the wheel tight. This problem could probably have been solved by using 
a hardened forged steel wheel but the cost was prohibitive even if material 
could have been obtained. Since it was not necessary to have the flywheel 
and shaft separable for assembly purposes it was decided to use arc welding 
as shown at the right on the cut. 

A 54dnch diameter hole is drilled clear through the wheel hub before 
pressing it on to the hardened and ground shaft This provides two plug 
welds. Several thousand of these have been made without a single one 
loosening up as far as we have been able to find out, as the positive bond 
between the two pieces prevents loosening The smooth shaft permitted by 




1152 


STUDIES IN ARC WELDING 





jjQtv smeu. 


PLU^ yveu) BOTH ^££S . \ 

/A/ DiA. cceeo Ha£s. 


Aec i^ELO£D mpmse SHi^FT 7Vd£. 


Fig, 12g (above). Sketch oi arc welded propeller shaft tube. Fig, 13# (below). Arc welded 

propeller shaft tube. 


welding also offers much greater area in contact with the casting than with 
splines which do not fit at the root diameter but only on the top and sides. 
This increased contact area is also a reason for the welded crankshafts 
holding tight. 

The section in Fig. 8 has been cut so as to go partially into the weld to 
facilitate checking around the weld by Rockwell and Magnaflux tests. The 
remaining spot is a slightly lower crater. Small cracks sometimes are present 
in this crater but do not extend through the edge of the weld and so do not 
reduce its strength appreciably. 

The welding replaces the following operations and a special pin. 

Broach fljnwheel 

Hob Shaft 

Grind O.D. Splines (spline slightly smaller than adjacent part of shaft) 

Assemble Gross Pin 

Cost of Cross Pin 

This results in a saving of 7 percent of cost of crankshaft. 

(B.), Sickle Head Ball— This is a 1045 S.A.E. steel forging to which the 







SECTION IX’-MACHINERY 


1153 



Fig. 14. Sheave stud. 

Sickle IS attached. A hardened steel ball on the sickle head is connected to 
the ball socket of the pitman rod One spare sickle is provided with each 
mower and where tractors do not come back to the garage every night several 
spare sickles are provided so the operator can insert a sharp one whenever 
necessary. Consequently every effort is made to keep the cost of the sickle 
low so as to encourage customers to have several sharpened sickles available. 
This reduces down time as the sickles are easily changed in the field. 

The head was first forged with the ball integral (as shown in the upper 
view of Fig 9) and heat-treated to 269 BrinelL This was too soft to prevent 
wear of the ball but increasing the hardness caused breakage at the tip end 
of the head where attached to the sickle back. Therefore the l!/ 4 -inch 
diameter ball was made a separate screw machine part carburi2;ed on the ball 
end only by liquid process, and pressed into the sickle head and riveted 
over on the bottom in a punch press as shown in the lower view. The 
nvetmg required the end of the ball msert be left soft and the cost of this 
in the heat treat department was twice as great as if it had been carbun^ed 
and hardened all over because it reqinred individual handling of the balls, 
setting them in racks so they could be immersed m the carburhjing bath to 
the depth specified only. Wc therefore tned arc welding balls that had been 
hardened all over as shown in Fig 10. 

Welding onto the carburisied ball was expected to cause a certam amount 
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of brittleness in the weld because of the high carbon content of the .020''inch 
carburiJ2;ed case on the ball shank. Welding time was Id-seconds. Tests 
were made by clamping the heads in a heavy vise and hitting the ball with 
a 4'pound hammer, (See Fig. 11). With the shank made the same length 
as that of the riveted ball a weld of sufBcient area was obtained which 
exceeded the strength of the ball as hammer tests destroyed the ball and the 
forging without breaking the weld. Consequently the shank of the ball was 
shortened to reduce weight and cost of the ball further. In this case it 
was possible to break the weld, but only after bending the neck of the ball 
and destroying the boss of the forging with blows which elongated the hole 
20 percent. This produced a leverage on the weld which eventually pulled 
it apart. This is far in excess of loads occurring in actual service as field 
tests later proved the welded short shank ball OK. 

Cost — ^riveted ball considered 100 percent for comparison. 


Riveted Ball Percent 

Material 15.6 

Automatic Screw Machine 5.9 

Drill Hole in Shank 4.7 

Carbori2;e and harden ball end only 27.2 

Centerless Grind Shank 3.8 

Assemble and Rivet 4,7 

Burden 38.1 

Total 100.0 

Welded Ball 

Material — 13.9 

Automatic ■ , ■ 5,9 

Carburi2;e and harden all over. 14,0 

Centerless Grind Shank 3.9 

Assemble and Weld 7.O 

Burden 33^0 


Total 77,7 

Savings per pair due to arc welding (2 Req’d. per mower) 

Steel saved = 10% Cost saved = 22% 
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This does not include cost saved by omitting chamfer at bottom of hole in 
knife head which is necessary for riveting but not weldmg. 

(C.), Propeller Shaft Tube — ^This is shown in Figs. 12 and 13 and 
consists of two telescoping J4'inch thick steel tubes with malleable iron bell 
housings plug welded at one end of each tube The tubes have swadged 
shoulders which mate and thus act as stops When the mower strikes a 
stump the tubes telescope and when free of the obstruction the pull spring 
jerks the tubes up to the stop shoulders again This tends to pull the two 
bell castings off the tubes and thus tends to shear the plug welds, two of 
which are used at each end 

The tube assembly is also subjected to severe bending loads m service 

Previous to adopting the plug welded method, the tubes were bra^jed 
at the end of the hub of the castmgs where the tubes enter. This was not 
satisfactory as the tube became annealed thereby. Since it is a cold drawn 
seamless tube it was weakened to the extent of causing it to bend in some 
cases With plug arc welding the tubes are obviously annealed only well 
inside the ends of the castings which provide plenty of reinforcing stiffness. 
In testing a mower with one of the plug welded tubes, the mower was run 
against solid obstructions. The automatic clutch release had been discon- 
nected so that after the bar swung back to the limit stops in the tube assembly, 
the tractor wheels kept pushing ahead This rotated the whole tractor around 
the obstruction, skidding the front wheels sideways but not beading the 
plug welded tube assembly. 


fig** (cdbove). Left hand feame with welds shown by while paint Fig* 18 * (below), heit 
hand froue with welds xmretonched* 
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Fig. 19. Design the composite frame. 


A saving of is made on this tube assembly by arc welding 

as compared with brasiing. When overhead is added this amounts to 8V2 
percent of the cost of the tube assembly. The holes for plug welding arc 
formed by two projections on the mam core and therefore add no apprc^ 
ciable cost. Brazmg, at these holes only, did not give sufficient strength, 
(D.), Sheave Stud— This is 1.125''inches diameter x 5^inches long with 
a 1.62-inch diameter head, (See Figs. 14 and 15). This part would normally 
be made m an automatic screw machine The head is a standard washer 
button or plug welded at the end of a pm by welding through the hole m 
the washer, A row of pins are set m a fixture with recesses which hold the 
washers concentnc while welding. The pm is cyanide hardened all over 
after welding. Projection welding does not give enough strength m this case, 
CJosts — ^non-welded part considered 100 percent for comparison. 


Automatic Screw Machine 




Method 

Arc Welded Method 


Percent 


Percent 

Material 

44.6 

Material 

24.1 

Labor 

14.2 

T.abnr 

1 « 1 

Heat Treat , 


Heat Treat . 

13.0 

Burden 

28.2 

Burden 

■ 36.7 

Total 

- 100.0 

Total 



Saving of Steel 50 percent 



Cost Reduction 8 percent 


The saving in cost here is small 

as the welding 

is done by hand at 
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present With larger quantities a greater saving could be made by an auto 
matic welding machine with a continuous feed. Such a machine could 
accommodate various diameters and lengths of pins and thus be used on 
long pins, shafts, screws, etc It would be best suited for si 2 ;es upward of 
about l-'inch diameter as cold heading machines can produce pins m one 
operation in the smaller diameters because the stock is fed into the header 
from coils. 

(E.), Adjusting Screws — Five of these Y^'inch and ^-inch diameter 
screws are used per mower with lengths from 5-'mches to Id-inches long. 
These are welded similar to the sheave studs, that is, by putting a nut with 
smooth hole part way over the end of the screw and plug welding the hole 
flush, (See Figs 14, 15 and 16). 

Welding could be eliminated on these screws by merely screwing a nut 
on the end of the threaded rod and let the end project through the nut 
as is common practice on some equipment. 

This is not as satisfactory as our method because several inches of travel 
is neces&iry in most cases, and a threaded rod projecting from the nut inter- 
feres with the wrench and also is easily damaged. The welded screw turns 
in a cast iron plug in the end of the balance spnng and the part projecting 
through IS protected inside of the spnng The following are savings made 
on five of these screws used on the mower by arc welding, as compared 
with making them on an automatic. 

Steel saved 58 percent Cost reduction 19 percent 




2L MO. The drag bar tet design (bottom) and second design il&p), Hg. 22, (rigbO* 
Typical broolE; In drag bar due to fcrtlgne. 
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Tig. 23. Telescoping propeller shaft. 


(E), Right and Left Frame Members— These are made of 54" x 2^ x S-'inch 
angle iron with steel plates fillet arc welded at each end as shown in Figs 17 
and 18. Fig 17 shows welds m white. Before this was finally adopted, the 
following four designs were considered 

1. One piece malleable casting. 

2. Angle iron with a malleable casting bolted on ends 

3. One piece steel castings. 

4. Arc welded steel. 

No 1 was not tried as experience indicated that light section of malleable 
castings this length (23V2"iiich) usually warp too much. 

No 2 was tried and is shown in Fig. 19. 

This required four different end castings and was consequently expensive 
as each required separate patterns, tools and machining- Also when on 
test It was almost impossible to keep the bolts tight, some breakage of cast- 
mgs also occurred. 

Design No. 3 was not attempted as the cost of both the material and 
machining figured too high Right and left patterns would have been 
required also. 

The No. 4 design, (See Fig 20), welded frames required no right or 
left parts, the same end plates being used for both sides of the tractor. 
These end plates are blanked and pierced in one operation out of ^^dnch 
hot rolled plate and require no machinmg 

Two frames are welded in a horiaiontal jig at the same time. The end 
pieces are placed on locatmg pins and a hand lever brings them up against 
the ends of the angle irons and holds them square. A small gusset and angle 
bracket are also welded in place on one frame. The length of the assembly 
is held uniform by a stop. After tacking, the frames are removed from the 
jig and the remainder of the welding is done on the bench. 
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Comparison of No. 2, 3 and 4 design frames. 

(No 2 considered 100 percent for comparative purposes) 


Cast Steel Frame 
Composite Frame 
#4 Arc Welded Steel 
Average weight saved b 
Average cost reduction 1 


Weight per pair 
34.81b =100% 
314 = 90% 

29 8 = 86% 

welding 12 percent 
’ welding 22^/2 percent 


Cost of Pair 
= 100 % 

= 82% 

= 73% 


(G.), Drag Bar — This is a iV^^i^^eh diameter 40 carbon alloy steel bar 
with four parts arc welded to it The assembly weighs H-^pounds and is 
heat-treated to 388 Brinell hardness after welding 

See Fig 21, The mower is supported on the small end of the bar and 
held in place m the hinge casting by a large nut Severe bending loads 
occur on the bar at the section adjacent to the malleable hinge casting. Two 
previous designs were tried before fatigue failures at the collar were 
eliminated In the first a loose collar was pinned on the shaft but the pm hole 
weakened the shaft causing breakage in service and also sometimes when 
quenching in the heat treat process 

The second design shown in upper view Fig 21 had a narrow ring 
pressed on to form the shoulder and an arc weld run all around it. Breakage 
occurred in a few mowers however in spite of heat treating after welding. 
A photo of a bar which broke in service is shown in Fig. 22 and is a typical 
fatigue fracture. It was found that the fillet weld was undercutting the shaft 
slightly which allowed a concentration of high stresses at this point. 

Consequently the third design shown in lower view Fig. 21 with a wide 
collar was tried and no more trouble occurred The collar has a ^%0''inch 
diameter hole drilled through and is plug welded to the bar In this way the 
weld cannot undercut and the section of greatest stress is not at the weld 
but at the edge of the collar. A change in design also allowed us to simplify 
the large end of the bar to eliminate the two reinforcement straps at the 
large eye for the rubber mounting bushings. 

In the latest design the bushings are mounted m the drag bar bracket 
instead of the drag bar itself. This allows the eye to be a flat steel plate 
which permits ample fillet welding without any reinforcing pieces 



F!g. 24* ilrc welded propeller shcxjft. 
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Cost of three types of drag bar based on a figure of 100 percent for 


#1 Bar. 

1 Bar with pinned collar = 100% 

2, With narrow collar and large eye = 96% 

3 Plug welded collar and plate eye = 96% 


Average cost reduction of #3 design 4 percent 

No saving in weight. 

(H.)> Propeller Shaft — ^The previous design was made by pinning and 
kc 3 dng a solid shaft to one of the universal joints The other end of the 
shaft was splmed and mated with a splined sleeve attached to the other 
universal joint also by a pm and key. These shafts loosened up in service 
and were too expensive 

The arc welded design shown in Figs 23 and 24 was therefore adopted. 

The design of the universal joint was changed to have a 1-inch shank 
instead of a hole. Telescoping square tubes are pressed on these shanks and 
welded to the hubs of the joints. The smaller tube is expanded to 1-mch 
inside diameter and the larger tube has a 1-inch square hole. This permits 
use of exactly the same design jomt for both halves of the propeller shaft. 

Since the jomts have already been assembled and the needle bearings 
oiled and sealed for the life of the joint before welding, it is necessary to 
avoid melting the heavy oil and cause it to run out. This is done by plug 
welding the two sides of the tube which are in line with the yoke arms 
which contain the bearings. This keeps the heat far enough away to prevent 
driving oil out of the bearmgs. 

The other two sides of the tube are fillet welded to the hub also without 


appreciable heat reaching the bearings. 

Arc welding thus permits the use of high strength cold drawn square 
tubing instead of the more expensive splined construction. 

Comparison of the two types of shaft on a basis of 100 percent for non'* 

welded design. xxr • 

® Weight Cost 

Non-welded shaft 12 lbs. = 100% = 100% 

Arc welded shaft 10 lbs, = 83% == 75% 

Saving in weight 2 lbs. or 17 percent Cost reduction 25 percent 
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Fig. 26. Oak swattiboardL 


(L), Hand Lever, (See Fig 25) — ^The upper view shows previous design 
made of a steel bar riveted to a malleable iron casting. This has been 
replaced by an arc welded lever shown in the lower view. The lower part 
is fillet welded and acts as a stifFener also provides strength and bearing 
area at the pivot. 

Comparison of the two types of levers based 100% for the non^welded 
design. 

Weight 

Nomwelded lever 5.1 lb. = 100% 

Arc welded lever 4.7 lbs = 92% 

Saving in weight 3 lbs or 8 percent 

Cost reduction 12 percent 

(J.), Swathboard — ^This is carried by the outer end of the mower bar 
and clears a path for the inner shoe of the mower when cutting the next 
swath. Fig 26 shows an oak swathboard formerly used and Fig, 27 the 
present arc welded one. It so happens that each weighs exactly 7''pound5. 

In cutting a heavy crop such as clover which has been partially matted 
down, considerable pressure is exerted on the swathboard. This resulted in a 
comparatively short life for the oak board at high speeds. While it has a 
steel reinforcement, the board sometimes splits or breaks in rough treatment 
The steel board is formed of ^Q^inch steel with a flange ^%eunch high 
running all around the edge The large reinforcement is arc welded at 6 
places 

It IS difficult to damage or bend this steel board and consequently it fits 
into the high-speed mowing picture very well. 

Cost comparison — Based on 100% for the wood board. 


Cost 
= 100% 
= 88% 



Bg. 27* Arc welded swathlKKndL 
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Summary of Savings due to Arc Welding. 


j 

j Weight Saved j 

Reduction in 
Cost 

Percent 

Lbs 

Percent 

A Crankshaft. 



7 

B Sickle head balL — - 

22 

10 

22 

C Propeller shaft tube 

. „ 


8 

D Sheave stud 

1 55 

50 

i 

E Adjusting screws 

8 96 

58 

19 

F Right and left frame 

3 30 

12 

22 

a tlfagr Kar 



4 

H Propeller shaft 

2 00 

17 

25 

I Hand lever. 

40 

8 

12 


Total saving per mower 16 43 lbs 

Savings made per mower in percent, — 

Weight saved 
Cost reduction 6}4 % 

Conclusion — We are trying more applications of arc welding on this 
and other mowers and equipment made by our company and these will be 
used * in production whenever experimental work proves them to have 
advantages 

Our present yearly production of approximately 7000 mowers plus 
service parts results in savings of $43,995 per year including 123,000 pounds 
of material saved 

Use of arc welding to the same extent by other makers of industrial 
mowers would, it is estimated, save at least $225,000 annually and release 
about 630,000 pounds of vital material for other uses 




Chapter XXX — One-Piece Design of Farm Sprayer 
By J. R. Love 

Manager and Engineer, Love Tractor, Inc., Eau Claire, Michigan 



Subject Matter: Design, construction, advantages, and cost of 
an arc welded sprayer. Arc welded step platforms for tractors 
and a welded disc harrow are also described. The arc welded 
sprayer is of alhmetal construction having a tank of framelcss^ 
transport- trailer construction, protected straight-in-line power 
take off, pump in the rear, and tank in the front to give better 
load distribution. The welded construction of this sprayer 
decreased the weight 800-pounds and decreased the cost $60 
per unit. Many features of this unit would not have been pos- 
sible without welding. 


J. R. Love 


In writing this paper, my main objective is not to point out how any one 
particular item manufactured by us is produced cheaper, stronger or more 
beautiful or better in any other respect, by electric arc welding process. 
Rather, I would like to prove to you that arc welding design can be prac-' 
ticed in general throughout the farm machinery manufacturing industry, in 
particular to a great advantage, not only to the manufacturer, but to the 
farmer as well. To do this, I would like to give you, first, a resume of our 
business. 

I am the manager and chief stockholder of a small farm equipment manu^ 
facturing corporation. Because of the ever growing competition, a small 
company, such as ours, must build exceptionally good products to sell them 
in the same market with the products of national reputation, and wc arc 
obliged to cut the cost of each individual unit as we cannot look to quantity 
buying and mass production as a means of lowering costs. 

From 1932 to 1936, we built farm tractors exclusively. These units were 
built up from standard automotive units. By careful selection of these units, 
we were able to secure a full floating truck rear axle and truck transmission 
which had properly balanced gear ratios and capacities to be used with the 
four cylinder, battery ignition and starter equipped motor. These tractors, 
were of course, all rubber tire equipped. The functional units of this tractor 
were mounted in a frame made of structural steel shapes and castings, bolted 
together. 

However, in 1936, we lost all of our patterns (several thousands of dollars 
worth) when the foundry burned down. Neither we, nor the foundry 
had these patterns insured and oDnsequently, they were a total loss to us. 

When we started design of our 1937 tractor, we were determined to 
eliminate every casting that we had formally finished ourselves and thereby 
eliminate the need of any pattern equipmenl, regardless of comparative cost 
of the cast part and the fabricated steel part. We were influenced to 
eliminate patterns, not only by the chance of destruction, such as the fire we 
had just been the victim of, but more so because the automotive units that we 
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used in our tractor were continually being redesigned and consequently meant 
that we had to change the shape of our parts, in order to adapt them. 

Such a procedure invariably meant the obsolescence of the old pattern and 
the making of a new one to replace it. 

In this, our first experience of steel fabricated parts, we not only produced 
a more beautiful and more serviceable tractor, but were able to produce each 
unit cheaper and without the necessity of investmg our much needed capital 
in expensive pattern equipment. 

The foregoing, is of course history for which we cannot take too much 
credit, as it happened more as an accident than as any great thinking on my 
part. However, it left one indehble fact with me which has had more influence 
in the continued success of our busmess than all other facts combined That is, 
no matter what the equipment may be, fabricate it from structural steel, if at 
all possible It can be said, in practically every instance that whether the 
requirements are for a single experimental imit, or for mass production, that 
it IS less expensive to fabricate from steel shapes, than it is to make by casting. 



Fig. 1. Sprayer hitch. 
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The equipment wc have available to fabricate our steel consists of the 
following: 

Electric arc welding motor generators, shear and hole punches, drill 
presses, flame shape cutting machme, stationary and portable grmders, hy^ 
draulic presses and power roll. 

These machmes are not only less expensive in their sum total than the 
machines that are necessary to finish comparable cast parts, but they serve 
many more uses in shop maintanence and (especially since the War Emergen^ 
des) as repair and service means of keeping other equipment m use, beyond 
its normal hfe. 

Our tractors, from the earliest model in 1932, were equipped with rubber 
tires and self starter, these tractors were and still are, in truth, of the most 
modem design. However, when the new Ford'Ferguson tractor was put on 
the market, we believed it wise not to compete witii this tractor, because in 
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our estimation, it is the answer to the farmers’ demands for a small but power- 
ful modern tractor, at low cost, and such being the case, it would be much 
harder to sell our own We, therefore, deaded that we would be much better 
oif to “hitch on to their band-wagon” and “get a free nde” by producing 
equipment designed especially for use with this Ford tractor. Incidentally, 
although the Ford tractor, in outward appearances, is based on cast design, 
electnc arc welding is used in many places, such as the radiator to the front 
motor support bracket, the radiator grille, the radiator side shields, the radiator 
Itself, the hood, etc But probably the biggest saving they make is the least 
obvious — ^many thousands of dollars worth of castings for all parts of the 
tractor, from the front axle to the rear axle inclusive, are saved from the 
scrap heap by patch welding Blow holes, cracks and other flaws or defects 
which would make the castings unfit for use either because of appearance or 
the fact that they would leak grease or would not have the required strength, 
are patch welded into usability. 

The alloy used in casting these Ford tractor parts is much stronger than 
any previously used for similar parts. This means that these parts can be 
cast thinner and therefore lighter in weight without losing any strength. 
This saving of casting weight is of course, a direct saving. But this saving 
would be partially nullified if not wholly lost, because of the dilEculty in 
casting this material and the subsequent appearance of defects as mentioned 
above, if it were not for the fact that a very few cents worth of electric arc 
welding with the proper alloy electrode repairs these castings to the proper 
standards of strength and appearance. 

The first accessory that we built to sell with the Ford tractor, was a set 
of step platforms or running boards. These platforms supplied the one com^ 
fort that the Ford engineers omitted m designing the tractor. The chief 
purpose of these steps was to allow the tractor operator to dnve the tractor 
from a standing position. Most tractors provide a means so the operator can 
stand up occasionally because the change in position relieves the strain of 
dnving, particularly on rough ground These step platforms also serve as an 
easier means of getting on and off the tractor. 

The corner edges are rounded and the unit tapers from a wide width 
at the back edge, where the driver stands, to a narrow width on the front or 
leading edges. These platforms were formed from 14-gauge blue sheet steel. 
They were tapered narrow to the front, and held narrow enough on the 
overall width of the widest part so that they could be left on the tractor while 
cultivating corn or other row crops. In order that the outer edge of these 
platforms would not cut or injure row crop plants as the platform passed by 
them, a piece of round edge flat stock, Y^'mch. thick by wide, was 

formed to the shape of the outer edge of the sheet and arc welded to it so 
the wide flat surface of this matenal came in contact with the row crop 
plants. This flat bar also served to give added strength to this 14-gauge plat- 
form material A pair of these platforms were bolted to a pair of angle iron 
supports which were mounted transversely under the tractor transmission 
housing* To these angles, were welded two steel straps or lugs, which served 
as mounting bosses for bolting to the underside of this transmission housing. 

The flat 14-gauge sheets were sheared and trimmed from templates and 
formed in a press break. The jigs for holding this sheet and the rolled V^-mch 
by iy 2 dnch flat strap while the two were being welded together and the jigs 
for holding the support angle and the mounting bosses were made by welding 
structural steel shapes. Together with the template for shearing, in all, cost 
$86. THb^e platforms were manufactured in lots of 100 sets and from all 
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appearances it looked as though it would be a very profitable improvement 
for the tractor In fact, it looked so good, one of the Ford tractor distributers 
influenced another company to manufacture a similar product 

This company copied the shape of our platform identically and decided 
die product was good enough to warrant manufacturmg it by the thousands 
and spent over $5000 maknig fixtures and dies to stamp or press these out 

of a sheet without welding, they started a sales campaign at once 

This product was very acceptable to the fanner, but both ourselves and the 
other company overlooked one important fact. The most important fact, that 
IS, that the product was not acceptable to the Ford dealer, our only suitable 
medium of sellmg or contacting the Ford tractor owner. This product was not 
acceptable to the dealer because invanably, when the farmer saw the plat' 
forms, he wanted them but insisted they be “thrown in with the Sartor 
doah or else “the deal would be off”. The dealer soon became tired of this, 
consequently it was very difficult to sell more than the first or second set to 
any dealer. Because the tractor was a new product, there was not, at that 
time, nor is there as yet, enough tractors out to make it profitable tor the 
dealer to handle these as an accessory for tractors already sold ™ever 
that day will come In the meantime, we have been able to sell a few hundred 
sets enough to pay for our inexpensive welding fixtures and advertising and 
give us a fair profit besides While the “’smart alecs who copied our plat" 
form have not even begun, to pay for their $ 5 000 fixtures nor their expen^ve 
advertising. If their cost of manufacturing is any less by stamping, which i 
doubt, as It requires a larger size sheet and consequently more waste or scrap, 
they will have to make many thousands of these units before their pr^ent 
losses will be amortized Long before they have broken even, we will have 
made a considerable profit and have ample time to investigate the marketing 
possibilities of these platforms, and other manufacturmg methods. 

After having learned this valuable lesson without loss, we decid^ that 
we would be wise to manufacture a unit that would be a source of considerable 
profit to the Ford tractor dealer, and a unit that would not only be^acceptable 
to the fanner, but that could be sold to him without too much chiseling 

because of competition. r t t • j 

Being located in the center of the richest fruit farming area in the United 
States, we are, of course, very familiar with the problems encountered by 
these farmers and their desires for improved equipment The most important 
piece of equipment, other than their farm tractor, is the power sprayer; and 
in particular the tractor powentake^ofiF, power sprayer, that is, a sprayer 
which gets the necessary power to drive the spray pump from the tractor 
motor by taking power off a shaft extending from the rear of the tractor 
by means of a telescoping tube and shaft and universal joints, connecting from 
the power^take-'otf shaft on the rear of the tractor to the shaft to be driven 
on the sprayer. The universal joints provide a flexible coupling means between 
the two units. 

However, the power^take-off sprayers built by all companies date back 
to the onginal conception of a sprayer when the farming was done by horses 
The horse-drawn sprayers, naturally had to have their own motor. The con- 
ventional design then used by all companies was to set the motor on the front 
of the sprayer to dnve the pump by means of reduced speed by use of a chain 
and sprocket reduction. On the back of the pump was another sprocket drive 
which drove the agitator shaft after a further reduction in speed This agitator 
shaft extended through the 100- to 300-gaIIon wood tank which held the 
spray liquid and agitated this spray liquid by means of paddles attached to 



SECTION IK--MACHINERY 


1167 



the shaft In this horse drawn version, there was of course, a front axle 
and a rear axle Some units were made on skids and set on wagons, others 
were built using a channel iron frame to which were bolted the two axles, 
the front axle being on the very front of the rig and the rear axle being 
approximately under the center of the tank. When these companies re^ 
designed their sprayers for use with tractor power ''take''off'’s they simply 
eliminated the motor, and in its place put a jack shaft with the sprocket to 
drive the pump. The tractor power-take-off universal drive shaft was con- 
nected to this jack shaft The front wheel and trucks of the sprayer were 
eliminated and a hitch made to connect to the tractor draw bar. The rear 
axle of the sprayer was left in essentially the same place, that is, under the 
center of the tank The farmers have found the following faults with this 
sprayer: 

Because of the weight of the pump and drive mechanism and the frame, 
the front of the sprayer weighed about 800-pounds and consequently could 
not be lifted to mount it to the tractor nor could the sprayer be moved about 
for storage in his tool shed Probably the biggest objection was the always 
present threat of senous injury because the power-take-off universal drive 
shaft extended from the rear of the tractor over the sprayer tongue, and the 
tractor operator had to work very close to this shaft, both while operating 
the unit and while servicing the pump. Most companies today provide a 
shield to guard against injury from this revolving shaft However, these 
shields are separate loose pieces and are sooner or later discarded by the 
operator because of the nuisance of putting them on, or because they are 
misplaced or even bent from handling. The open chain and sprocket drives 
on this pump had to work under dusty conditions and wore fast, requiring 
constant adjustment and frequent replacement. 

The wood tank in these units dried out and shrunk during the unused 
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periods and had to be soaked up for several hours cr sometimes several days 
before they stopped leaking. 

Because the axle was located under the center of the tank, the spray 
hc^uid would run to the back of the tank when the tractor and sprayer were 
going up a steep hill. This naturally concentrated the spray material behind 
the sprayer axle and had a tendency to hft the front of the sprayer. This 
took the weight off the sprayer tongue which in turn reduced the weight on 
the wheels of the tractor and caused the tractor to lose pulling traction when 
it was climbing a hill and needed it most. 

In considering the possibihties adherent to the manufacture of farm power 
sprayers, we found that there were about one^half do 2 ;en companies producing 
5000 sprayers suitable for general fanning operations There were a few other 
companies listed as power sprayer manufacturers who built an additional 4000 
units per year. But these were, m reality, ‘‘glorified barrel pump sprayers.” 
In further breaking down of the data on sprayers, we found that about one 
hadf of these units were tractor drawn power-take-off driven sprayers. This 
meant that each of the major manufacturing companies were building 300 to 
500 of this type of sprayers per year. 

This also meant that the demand for sprayers did not warrant mass pro- 
duction and therefore would not interest any larger company. In fact, be- 
cause of the number of models produced by these companies, they could 
not approach any semblance of volume production on any type sprayer. 
This meant that we would be able to produce sprayers, at least on an equal 
footing with the other companies. And all these companies were building 
units exactly alike, differing only in the actual details of construction. We 
therefore felt confident that we could greatly improve the sprayer, and at 
the same time, price it so that the Ford tractor dealer would be interested 
in handling it. 

In February, 1940, we started to lay out the experimental model. On 
March 20, 1940, we finished the first sprayer and immediately put it to 
actual field tests on a neighboring farm. We are proud to say, this sprayer 
has operated continously since that time, and we have not found it necessary 
to make any change in design. 

We immediately, thereafter, started production on these sprayers, building 
them to the proper height and balance so that they made a perfect combina- 
tion with the Ford tractor, and as was our belief in the beginning, they were 
enthusiastically accepted by the dealers, because they were a good source of 
extra profit for him, and were equal in quality and appearance to the Ford 
tractor The dealers found diem very easy to sell as it was a simple matter 
to point out their supenority over the conventional sprayer. 

We accomplished all the improvements demanded by the farmers and 
were able to build a lighter, cheaper and yet stronger and more durable unit 
than any on the market at that time. 

The conventional sprayer consists of the several individual units as- 
sembled together, namely; 

An axle and wheels, frame, tank, pump, pump sub-frame, the power-take-off 
drive mechanism and the operater platform and guard rails. These separate 
items were bolted together to produce the finished product. Both the wood 
and steel tank units illustrate that the old line companies had retained the 
same principle of design in their most modem units. 

By using an all steel welded construction, we are able to eliminate the 
frame and axle by letting the steel tank serve for all three. The platform, 
guard rails and pump sub-frame are combined in one frame unit Stub 
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wheel spindles are bolted to the side of the tank and sub^frame where they 
are bolted together, using the same bolts. 

Each of the improvements asked for by the fruit growers has been 
accomplished. First, the power^take^off which is above the tongue and hitch 
on the conventional model, is covered or protected by merely reversing its 
position. That is, it is put underneath the sprayer tongue where the operas 
tor cannot possibly fall into it, or otherwise come in contact with it. It is 
possible to do this without lowering the shaft too low to the ground because 
we weld the tapered nose piece (which forms the front part of our sprayer 
frame) to the top of the sides of the spray tank, whereas in the conventional 
sprayer the frames are built from structural iron (usually channel) and the 
tank sets on top of this frame, so that the whole frame is very low to the 
ground, and the power-take-off shaft of necessity, has to come out above the 
front or hitch part of the frame 

We use a special design of pump which contains its own reduction unit 
of enclosed gears running in oil. This pump mounts on the rear of the 
sprayer behind the tank. The power^take-'otf dnve shaft passes through the 
tank with paddle wheels attached, thereby serving as an agitator shaft as 
well The stub spindles are bolted at the rear of the tank, and by putting the 
pump at the proper distance behind the tank, the combined weight of this 
pump, and platform guard rail subTrame assembly, balances the weight of 
the empty spray tank and nose hitching piece, (See Fip 1 and 2), so that 
the front of the sprayer can be picked up with one hand and rolled about on 
a smooth floor as easy as a wheelbarrow. 

Because the tank is ahead of the sprayer axle, the weight of the spray 
liquid IS carried between the sprayer axle and the rear axle of the tractor. 
Approximately 40 per cent of this hquid load being carried on the tractor 
rear axle and the remaining 60 per cent, on the sprayer axle. Whereas the 
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total load of the spray solution is earned on the axle of a conventional sprayer, 

in as much as it is under the center of the tank r i i j ..i 

When our unit is going up a steep hill the weight of the liquid in the 
spray tank shifts with the level of the liquid, as it does in the conventtonai 
units, putting most of the spray solution in the rear half or the tank xlow- 
ever, because our tank is completely ahead of the sprayer axle, the weight 
of the spray solution can never be concentrated behind the sprayer axle 
Actually, the tank hangs between the sprayer axle and the tractor rear 
axle Therefore, the weight of the spray solution is always divided between 
these two axles so that the tractor always gets added pulling traction from 
the weight of the liquid in our unit, regardless of how steep the hill i^ay be 

The design of our sprayer is based entirely on fabricated and arc welded 
steel construction Our sprayer weighs 1500-pounds as c^pared to 2400" 
pounds for a conventional sprayer of the same capacity The spray pumps 
in both units are of comparable design and weigh about 400"pounds each 
This means that our unit, complete, less the pump weighs llOO^pounds as 
against 2000"pounds for the conventional unit This saving in weight could 
not have been accomplished without the use of electric arc welding 

Even at this particular time, when the saving of steel is most important, 
our sprayer still compares favorably, m as much as the wood tank of a 300" 
gallon conventional sprayer weighs about 300"pounds This means that the 
frame, axle, wheels, pump sub"frame, platform and guard rails, less the pump 
and wood tank, weigh I700"pounds, as against 1100"pounds for our complete 
sprayer less the pump. In both cases all of this weight is steel except for 
the sprayer hose, gun and tires These accessones total about I00"pounds 
leaving a net of 1600'pounds of steel for the competitive unit less the tank, as 
against a net for our unit less the same accessones, but complete with tank, 
of 1000"pounds of steel 

This means that the steel in the competitive unit weighs 60 per cent 
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more than our unit complete with the tank, or a direct saving of 600-pounds 
of steel The net cost of this steel, whether bought by mill or warehouse 
shipment, when freight and handling charges are considered, and the cost of 
procurement, would not be less than SVa^cents per pound or $2 1 This, plus 
$40 to $45, the cost of a SOO-gallon wood tank, not assembled, makes an 
obvious saving of $61 or not less than $60 but as much as $65 per unit 

The construction of our sprayer is based entirely on what we term, 
“our finished tank assembly” The actual spray tank is 40-inches wide by 
40-mches high by 48-inches long The shell or body of the tank is made 
of a sheet of 12-gauge hot-rolled-pickled-and-oiled steel 48-inches wide by 
144-inches long The tank ends are made of %6''inch thick hot-rolled-pickled- 
and-oiled steel 40-inches by 40-inches, the bottom edge is cut on 36-inch 
radius to form a round bottom on the tank. All four corners are trimmed on 
9''inch radius, the bottom blending to the 36-inch radius The 12-gauge 
sheet IS rolled to conform to the shape of these tank heads with the seam 
on the top center of the tank welded inside and outside The tank heads 
are set back m %-mch from the edge of the 12-gauge shell. A continuous 
weld is run on both sides of the tank heads, thereby closing all seams so 
that corrosion or rust cannot have any hidden place in which to start. 

The tank shell and heads are completely tack welded together first, as is 
common practice After the heads are welded in, a 16j4-'inch round hole 
IS flame cut in the center of the top of the tank. A rim or hoop made of J4*" 
inch by 1%-inch flat steel is rolled, the easy way, to an outside diameter of 
17%-inch and butt welded This ring is welded on the top of the tank, around 
the hole to form a nm for the tank cover. This ring is welded to the tank 
shell inside and outside, and of course serves as a re-enforcing member for 
the top of the tank The cover is made from 12-gauge with a one-inch Iip 
formed so that it will fit freely over the above-mentioned rim 

The hinge is made by welding a piece of f^-inch pipe cut 2-inches long to 
a piece of J/^-inch x 2-mches flat stock which in turn is welded to the top of 
this cover. A yi^nnch diameter bolt fits through this piece of %"hich pipe 
cover A %( 5 -inch diameter bolt fits through this piece of %-inch pipe 
to form the pivoting member for the hinge Two pieces of !/^-inch x 1J4^ 
inch flat stock are cut the proper length and punched 1 % 2 'i^ch diameter to 
fit over this %6-inch pivot bolt These ^-inch x V/^nnch flat pieces are 
butt welded to the top of the tank far enough apart so the y 4 -inch x 2-inch 
flat stock with the pipe welded on, will fit freely between them forming the 
stationary member of the hinge 

This earlier construction shown was necessary because we were pur- 
chasing the cover assembly complete from an outside source The stationary 
member of this hinge was formed in a U shape rather than by two straight 
upright straps butt welded to the top of the tank. However, after the 1940 
and 1941 seasons, we began to have complaints of too much rust or corro- 
sion around these hinges. The most dangerous place being where the 
stationary or U shape part of the hinge was fastened to the tank This was 
merely tack welded where the bottom or flat part of the U set on the top 
of the tank. This corrosion was being caused by the corrosive spray solution 
seeping into the crack between the hinge and the cover or the hinge and 
the top of the tank. We changed our source of supply and bought the cover 
only with the rolled flange from a tank-head company and welded the hinge 
on m the manner descnbed. This of course, completely sealed the joints 
between the tank and hinge and cover so that no spray material could seep 
in to start corrosion. Welding, in this case, most obviously meant greater 
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serviceability or durability We also are making this assembly for 4 docents 
per each less than we purchased them for m 1940 and 1941. We cannot, of 
course know for certain that this saving is traceable to arc welding, but as 
far as we are concerned, the use of arc welding was the means of making 
this saving. It is obvious, in this instance, that the welding saved the punch' 
mg or drilling of 12 holes, 6 rivets and the time necessary for riveting and 
bending of the stationary hinge piece plus the saving of a 2 'inch length of 
J4"inch X lJ4''inch flat iron. 

For a quick comparison of this earlier method to the welded construction, 
we believe that the welding time and matenal would compare very favorably 
- with the riveting time and the 6 nvets. The saving being in the forming of 
the 12 holes and the small piece of flat steel However, in this instance, the 
most important consideration was not the cost but rather greater service' 
ability. 

A 3 'inch pipe flange is welded to the center of the bottom of the tank 
After welding it on the tank around the outside, the tank shell is burned out 
of the inside of this flange to form the dram hole This flange is also welded 
on the mside to close the joint between the tank shell and the flange in 
order to prevent corrosion 

On the front end of the tank is welded the nose piece This is formed by 
bending a piece of %Q'inch by 12'inches wide by 80'inches long mild steel to 
form a V. This is bent m a die to form a 3 'inch radius at the front or V end 
The back edges are bent for a distance of 5'mches back from tbe end, so they 
will lay flat against the sides of the tank and are welded all around This 
weld actually supports 40 per cent of the weight of the spray solution This 
nose piece has ample vertical strength to support this weight plus any shock 
loads One'inch from the bottom of this nose piece, a 12'gauge sheet, the 
shape of the opening formed by the V and the tank head, is welded solidly 
to It so that It cannot buckle sideways. It also serves to re'enforce the tank 
head so that it will not dish or vibrate At the same time, it forms a bottom 
on the nose piece, making a very convenient carry all compartment for addi' 
tional spray guns or hose or other tools and accessories. On the front and 
underneath side of this bottom is bolted the sprayer hitch. The part of 
the tractor hitch that fits over the tractor drawbar is made by welding two 
pieces of by 3'inch flat by 8'inches long, on the opposite sides of a 

1%6'mch round bar 11 'inches long, overlapping the round bar 2 y 2 nnches 
of the lengthwise dimension. This l%6"inch round pivots in a piece of Ij^'' 
inch pipe which is welded to two angles which in turn are welded to a VS" 
inch thick flat plate The flat plate being the member which bolts to the 
bottom of the sprayer nose 

In the bottom of this front nose piece is welded a lJ4'mch pipe coupling, 
on each side of this coupling are welded re'enforemg triangular shaped 
gussets which are cut from 10' or 12'gauge scrap sheet These gussets re' 
enforce the bottom sheet around the pipe coupling In this pipe coupling 
is screwed a piece of iVi^tnch pipe, 11 'inches long, having a hole drilled 
near the bottom end A piece of I'lnch pipe 24'mches long, fits freely in' 
side of this pipe These pipes are used as a telescoping standard to hold 
the front of the sprayer up when not in use. A ^unch cotter pm that has 
been sprung apart just enough to make it have a little tension, fits through 
the hole m the bottom of the 1 l/ 4 'inch pipe and corresponding holes in the 
I'lnch by 24'inch pipe leg When the sprayer is being used, the leg is 
pushed up into the pipe, out of the way and held up by the use of this 
cotter pin in the same manner as when using the leg for a stand* 
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Across the back head of the spray tank, is welded a piece of 2 "inch by 2" 
inch by l/^nnch angle, this is at about the same height as the bottom of the 
nose piece on the front head of the sprayer. This angle serves as a re"enforc" 
mg member, to stiffen the head A %-mch pipe flange is welded to the upper 
center of this head and a V/^nnch pipe coupling is welded in the lower left 
hand corner 

The flange and couplmg are welded inside and outside of the tank, so 
that, here again, we seal the connection against corrosion by closing the 
joint with welding The upper connection is used for the overflow or 
pressure discharge return from the pump to the tank. The l^'-inch coupling 
IS used for a suction line to the pump. Inside the tank a V/^-mch pipe nipple 
is screwed mto this coupling with a 90 degree elbow attached, being the 
proper length, so that another shorter l|/ 4 'Uich nipple which is screwed 
into this elbow sets directly into the sump, in the bottom of the tank, formed 
by the 3 "inch welding flange 

The next operation consists of mounting the tank agitator beanng plates 
to the ends of the tank, (See Figs 3 and 4) One end of this plate is 
burned on 36"inch radius This edge being trimmed on a 4 5 "degree bevel 
This radius is made to conform to the tank bottom radius. The 6 V 2 ''luch 
diameter burned hole in this plate corresponds to the 6 V 2 ''ii^ch diameter hole 
burned in the lower center of the heads of the tank. In comparing these 
dimensions it will be apparent that these plates set against the tank heads so 
that the bottom burned radius rests on the %"mch protruding lip of the 
tank shell. The reason for the 45"degree bevel edge on this plate, is so that 
the plate can fit up tightly to the tank head and the edge of the tank shell 
The bevel part clearing the fillet weld between the tank head and shell The 
top of this plate just clears the re"enforcing angle welded across the back 
head, and the bottom of the nose section on the front head The dVi^iuch 
diameter burned hole is of course, made to correspond with the holes in the 
tank heads. As the title of these plates would indicate, they are used to 
mount the beanng housings for the agitators or drive shaft. Before describ" 
mg the method of mounting these plates, I believe it best to explain the 
fabncation of the agitator bearings. In this way I can keep the manufactun 
mg operations on the tank, in their proper sequence. 

These beanng housings are made by burning a disc of 9"inch outside 
diameter by lY^nnch. inside diameter out of V 2 "inch steel plate. In this is 
welded a piece of cold finished seamless tubing 6 % inches long by 2 J 4 dnch 
outside diameter by l%"inch inside diameter. This tubing is machined true 
on both ends before welding. By so doing, it is a simple matter to hold the 
disc and tube at right angles to one another while welding, by merely clamp" 
ing the disc securely to a flat plate with spacers between and hold" 

ing the tube down tight on its machined end surface against the same flat 
plate. (We do not have a special jig for doing this, but use a tabic which is 
36 inches square by lV^"inch thick. This table is full of tapped holes for 
vanous hold down bolts and is used for holding drop center nms and discs 
when building up wheels or whenever it is necessary to hold two or more 
pieces in true relation to one another. To hold this agitator beanng, we use 
a bolt in the center of this plate with a heavy washer to clamp the tube down. 
The disc is held down by merely laying a similar but heavier disc, built up to 
2 inches thick, on top of it. This hold down disc has the hole burned out 
in the center, sufficiently large to allow clearance for arc welding. After 
running this inside bead the bearing is turned over and the outside bead is 
welded on). 
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Two brass bushings are then pressed into the tube and ahgn reamed to 
finished size for the Ij/^'inch drive shaft. 

A slight amount of warpage is encountered in the tube when weickd 
into the disc, for this reason, the brass bushings are pushed in from the tar 
end so they do not have to be pushed through the part where the welding 
took place After reaming the bushings, the bearing is reamed to_ the 
lathe where this outer end is bored out about 34 2 'inch large diameter in to 
the face of the bronze bushmg This trues the surface up where it was welded 
so that the packing and packing nut pilot is true on the shaft The heanng 
IS then put on an arbor and the inner face is machined true to about a o-inch 
diameter or enough less than dVz'inches so that we are certain to have a true 
surface where this bearing bolts to the bearing plate This bearing is jig 
drilled then bolted to the beanng plate without a gasket 

We are now ready to weld the beanng plates to the tank heads Because 
of the length of the bearing and the close fit of the bushings to the shafts it 
is necessary to have the beanngs at each end of the t^k ui perfect align- 
ment A 1'4'inch shaft is put through the tank, and the beanngs with the 
plates bolted on are shoved onto this shaft, and up to the respective tank 
heads, with this close fitting shaft m the bearings, they are of course, in 
perfect alignment. But we do not weld this bearing plate directly to the tonk 
head Because the tank head is distorted to some extent when it is welded 
into the shell and consequently, would leave some rather wide gaps which 
would be difficult to weld. But more important, is the fact that in welding 
onto this ^/^Q'lnch. tank head, we find there is additional distortion, due to 
the length of the weld and the heat generated Therefore, it is practically 
impossible to weld this bearing plate to the head in the tme relatton necessary. 
This difficulty is very simply overcome by using bars of %^inch square stock 
16'inches long, to lay against each side of the beanng plate. These bars are 
bent to whatever shape necessary to conform to the tank head, thereby clos- 
ing the gap between the two At the same time, they are kept straight about 
their other axis, so that they lay up tight against the side of the bearing plate. 
By holding these bars tight against the tank head and the bearing plate and 
welding the bar to the tank head, the distortion due to heat takes place be- 
tween the head and square bars without disturbing the bearing plate After 
the bars are welded to the tank head on each side of the bearing plate and 
allowed to cool, the beanng plate is tack welded for a short distance to 
one of the bars The welder immediately tack welds directly opposite this 
first weld to the other bar. There is sufficient metal in the bars to absorb the 
heat so that no further distortion takes place m the tank head But there is 
a small amount of distortion caused by the shrinking of the weld when cool- 
ing The welder, after tacking the plate to both bars, on both ends of the 
tank, pulls the l>4-inch shaft out of the farther bearing . By looking in the 
tank he can determine if the shaft is directly m line with the bearing in the 
other end of the tank. If it is not, he pulls the shaft over in line by making 
additional tack welds on the beanng plate. For example: if the shaft is low 
and to his right as it hangs out of the bearing on the inside opposite end of 
the tank, he welds to the lower right side on the plate. As the weld cools and 
shnnks, it pulls the plate in and toward this weld. This raises the end of 
the shaft toward the center of the hole. With but very little practice, any 
welder familiar with the characteristics of welding steel, can aim this shaft, 
dead center The bearings are removed after these plates have been welded 
all around, that is, the sides to the f4-inch square bars, and the bottom edge 
to the bottom of the shell and the top edge to the underneath side of the 
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angle on the rear of the tank or the bottom of the carry all compartment on 
the front of the tank The tank heads are welded to the bearing plate 
completely around the circumference of the diameter holes, there-' 

by sealing these last seams through which spray material might seep and 
cause corrosion. 

This completes the welding operations on this tank with the exception 
of the drilled y 2 'inch. by S-inch by 26''inch side plates which are mounted to 
the rear of the tank. 

In reviewing the procedure so far, you will note that every seam, inside 
and outside in this tank is completely sealed by weldmg and there are not 
braces or plates welded to the inside of the tank, nor are there any bolts put 
through the tank. The inside of our tank is, in fact, as smooth as a glass 
bottle. Therefore, when thoroughly cleaned and painted with an acid re- 
sisting paint, this tank is truly a lifetime tank, whereas the other sprayer 
manufacturers making steel tanks put braces and bolts through them. This 
does not sound like a very serious fault, but we have found that invariably 
serious corrosion starts wherever there are two joining surfaces of metal 
exposed to the spray solution After studying this corrosion in other 
sprayers, it is my belief that this is not caused by corrosive action of the 
liquid, but rather by electrolytic action between these two pieces of metal 
being submerged in the spray chemicals This does not seem too far fetched 
when you consider one spray solution used is blue vitriol or copper sulphate, 
the same chemical used in the galvanic cell, the original battery. 

In this instance, welding and welding alone is the only sure method of 
permanently sealing the adjoining steel surfaces against this corrosive action, 
whether it be caused by electrolysis or merely by corrosive action of the 
spray solutions. This means that the normal life of the spray tank can be 
at least tripled, and if repainted every third or fourth year the life of the 
sprayer can be prolonged indefinitely This repainting protects against rust 
on the body of the shell, which never takes place until the paint is knocked 
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off and then does not take the rapid action found in the adjoining surfaces 
of competitive sprayers. In one competitive make of sprayer, I have seen 
corrosion so severe between a brace angle tack welded on the inside of the 
tank head that the rust had formed and was continuing to form so thmk 
that It was actually bulging the angle and tank head between welds This 
company could have prevented this by completely welding, and thereby 
sealing the Joints 

The next step in completing the fabrication of the sprayer is the making 
of the subTrame, (See Fig. 5). These angles are cut to length and the Scinch 
by 2^inch by 3 1 'inches front upright is dnlled as shown. This drilling matches 
the driling on the tank side plates as these frames bolt to the inside of these 
plates. The proper outside end edges of the other angles are ground so that 
they will clear the fillet radius of the angle to which they are welded. This 
permits the butting together of all surfaces of the angles in order that they 
may be securely welded all around These angles are welded m a jig frame 
which IS similar m appearance to the frame itself, having locating stops and 
clamps to hold the angles square and otherwise in the proper relationship 
while being welded After the frame is removed from the jig a V/^'inch pipe 
coupling IS welded in the upper rear corner of both the right and left assem^ 
biles. This serves as a mounting bracket into which are screwed the V/ 4 -mch 
by 11 'inch pipe which serves as the rear part of the guard rails The frame 
itself serves as the sides of these guard rails and the pump cover serves as 
the front part of this guard rail The l^'inch by V/ 4 'mchi by S-inch flat mild 
steel strap shown welded to the top side of these frames serves as the 
stationary members of the pump cover hinge. 

The pump cover, (See Fig 6), is formed from a sheet of lO'gauge and 
lays on top of these subTrames A Tinch lip is bent down on the back edge 
and up on the front edge of this cover to stiffen it A y 2 ^inch standard 
threaded hexagon nut is welded into the front comers of this upward bent 
hp to serve as the other part of the hinge. A ^^'inch bolt is passed through 
the strap on the subdrame and screwed into this nut. 

In welding the side plates to the tank, they are first bolted to a pair 
of sub'frames A l*4unch shaft is put through the tank bearings and extends 
out the rear of the tank for a distance equal to the length of the subTrames. 
An angle iron, long enough to extend out 5'inches beyond each side of the 
tank has a boss welded to its center This boss is dnlled Ij^-dnch diameter 
exactly 2 %Q'mch from the top of the angle to the center of the hole. This 
boss is slipped over the t]/ 4 'mch. shaft up to the rear of the tank. The sub^ 
frames with the side plates bolted to them are rested on this angle. This 
locates these frames and plates accurately so that the bottom of the subTrames 
are exactly 2%6^mch below the center of the agitator shaft. By measuring 
down from the top of the tank to the top of each sub'frame they are put 
into position so that they are not only the nght distance below the agitator 
shaft, but are also parallel with the top of the tank sideways. The rear part 
of each sub-frame is then raised or lowered so that these sub’^frames are 
parallel with this long l!4''inch shaft. This locates the frames accurately 
m all directions and the side plates are pulled against the tank by using long 
clamps that catch both plates at once. These plates are then securely welded 
all around This completes the tank assembly and all the welding on the 
tank. On the rear bottom side of this sub-frame, is welded a 12-gauge steel 
platform. This platform has iV^'inch lips bent down on both the front and 
back edges, being 16-inches wide. This welded platform serves as a channel 
and stiffening member to hold the rear of *thc sub-frame in place. An S-inch 
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by long structural channel iron serves for the pump base or sub^ 

frame It is bolted to the bottom side of the spray pump with the wide flat 
side of the channel up This channel is clamped to the underneath side of the 
sub-frames, and moved sideways so that the pump lines up properly with the 
agitator or drive shaft It is then securely welded to each sub-frame 

The wheel spindles, (See Fig 7), are purchased from a company making 
heavy duty truck front wheel spindles This not only saves the cost of a 
forging die, but we are able to purchase this production spindle completely 
finished much cheaper that we could forge and finish them ourselves The 
inner or king pin end of this spindle is cut off with an acetylene torch so 
that the mside of the inside end is flat and can be welded to a V 2 "^^ch thick 
steel plate. This plate is S-inches wide by lO-inches long and has four holes 
dnlled in it to correspond with the four lower holes in the tank side plates 
These stub spindles are clamped in a fixture together with the y 2 'mch. thick 
spindle plates so that the spindle is held square with the plate while they 
are being welded together 

These wheel spindles and plate assemblies arc then bolted to the tank 
side plates The two rear bolts for these spindles pass through the sprayer 
sub-frame, the tank side plates, and the spindle plate The lower front bolt 
bolts through the tank side plate and the spindle plate The upper front 
bolt screws into a tapped hole in the tank side plate This is done so that 
it is not necessary to put this bolt through the spray tank itself. These wheel 
spindles, mounting to the tank side plates as they do, at the rear of the tank, 
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get the full strength of the cross section of the tank head and the sub^frame 
which IS made of heavy angle iron and braced with the pump and platform 
channels at the bottom, forming a very strong, yet neat and simple unit. 

Summary — In comparing the details of construction of our all steel, 
all welded’’ sprayer with the pieced^together construction of others, it is 
apparent that our construction is superior in every way. First, it is stream^ 
lined and more attractive because of the elimination of structural frame and 
axle and hold down bolts and tank braces found on the conventional unit 
Second, there is a remarkable cost per each saving as pointed out in the case 
of the total weight of steel saved and also the saving in manufacturing de- 
tails, such as the tank cover Third, we have made a much more durable 
or longer ^lasting unit because of the protection against corrosion as men^ 
tioned Also the strength of each part by welding into one integral unit 
Fourth, the sprayer is made more serviceable because it can be handled very 
easily by one man, when empty he can hitch it or unhitch it from the tractor 
because the weight is balanced on the sprayer axle or he can push it into 
a corner of his tool shed for storage, where it will be out of the way Where- 
as the conventional sprayer required a jack to lift the front of it because of 
Its unbalanced design and had to be parked in the middle of the tool storage 
space where the tractor could be backed up and hitched to it 

Our unit is also more serviceable because of the fact that a part of the 
spray solution load is earned by the rear axle of the tractor. This means the 
sprayer load is lighter and therefore the sprayer pulls easier and this weight 
which is transferred to and earned by the tractor rear axle, increases the 
pullmg traction of the tractor This same transfer of weight is very advan- 
tageous in pullmg up steep hills In reviewing the construction of our 
sprayer it might be agreed that we have earned welded design to an extreme 
and thereby made it difficult to install service parts, or to make slight changes 
m specifications to meet special operating conditions However, when the 
facts are fully considered it will be found that by welding, we have eliminated 
the necessity for replacement and where items are subject to wear, such as 
the agitator bearing, they are bolted on. Another example of this is the 
spindle plate assemblies which are bolted to the sprayer tank and sub-frame 
assembly. Any spmdle or axle is subject to wear where the wheel beanngs 
are mounted if not properly greased and serviced. If this happens on our 
sprayer either one or both spindle plate assemblies can be purchased for 
much less than the heavier, more complicated axle found on the conventional 
sprayer. In the case of the sprayer cover and hinge assembly, the 46 cents 
per each saved by welding rather than riveting is sufficient to warrant our 
selling the cover and hinge assembly as a unit, rather than as separate pieces 
as they could be when a riveted construction was used. Because of the 
change to the welded hinge we have eliminated the possibility of corrosion 
between the hinge connections to the tank and the cover. In eliminating 
this chance of corrosion, we have practically eliminated the necessity of ever 
replacing this cover In so far as the changes in design for special require- 
ments are concerned we make the tank in the following sisies: 200-, 250", 300- 
and 400-gallons. 

These tanks are all made the same width and have the same tank side 
plates welded to them These plates are located in the same place using the 
same locating jig as explained in the manufacturing procedure. This means 
that the sub-frame mounting dimensions are exactly the same. This sub-frame 
is made to support three sizes of pumps. These three sizes covering the re- 
quirements of all types of spraying and all capacities vithin the scope of the 
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Ford tractor. Because the mounting dimensions are the same for all sub" 
frames this means that any sub-frame or pump sisje can be assembled to any 
tank size, all being formed using the same set of welding jigs. We also build 
this sprayer equipping it with a motor for motor drive for use where power" 
take'-oflF equipment is not practical This enables the Ford tractor dealer to 
have a full line of sprayer equipment, and thereby take advantage of all 
possible sales These motor driven sprayers are made by merely extendmg 
the subTrame further back giving enough room for the motor to set behind 
the pump By crowding the pump and motor as far forward as possible 
and by mounting the spindle plates so that the spindles are offset to the rear 
of the unit we still maintain our balanced weight design This motorized 
sub"frame also fits all sizes of tanks 



Here again we are able to meet the special requirements of tread width 
and axle height without special patterns, tools or equipment by merely fabrv 
eating axle extensions that bolt onto the tank side plates where the spindle 
plates normally bolt. The spindle plates are then bolted onto the outer end 
of these extensions. These extension axles are made by welding the proper 
length of 3'inch pipe between two of our standard (Va^inch x Sdnehes x 10' 
inches) spindle plates, thus giving the desired tread width. By offsetting 
the plates where they weld to the respective ends of the pipe we are able to 
raise the sprayer for additional clearance over the crop rows to avoid injury 
to plants. 

In double checking the advantages gained in our sprayer by the uses of 
arc welding, I believe you will agree with me that it would not be possible 
to build our unit cither wholly or m part without the use of arc welding. It 
might be possible but certainly not practical to build a steel tank by riveting 
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or boltiag tke heads in. It is even imaginable to picture the nose piece or 
front part of the frame as riveted together and riveted to the tank by using 
a little wider and longer material so that there would be more surface on 
which to nvet the nose piece to the tank, but with such a constructmn woiud 
come the most serious defect found in steel spray tanks This being me 
multitude of seams or joints left exposed to the corrosive spray solution By 
welding every seam and joint as we have inside and outside of our tank we 
have settled the question of the durability of the steel tank versus the wood 
tank by eliminating the possibility of damagmg corrosion In making smi 
further compansoas it would not be possible for us to make use or me 
standard automotive production spindle if we could not cut it off to the 
proper dimension and weld it to the steel plate. The only alternative method 
would be to have a special forging and forging die made which viould give 
US a flanged type of spindle that could be bolted to a steel plate If we had 
to do this we would have to invest several hundred dollars in the forging 
die and then pay more per each for the rough forgings than the pn(» of 
each, which we are now paying for the finished automotive spindle would 
also have to invest m at least one year s requirement of these rough forgings 
m order to interest any forging company to produce them (our pre^nt 
production averaging from 75 to 100 units per year). Finishing these spindles 
on an engine lathe together with the drilling and milling operations, would 
require approximately 6 hours time per pair 

This means that a pair of spindles if forged and machined by us would 
cost us close to $ 1 0 as against $ 3 per pair plus the cost of the acetylene cut*' 
tmg for the spindle we are using. This saving seems so out of proportion 
with the total cost of our spindle that we believe it is best to say that there 
is a very large saving and not attempt to argue actual dollars and cents But 
we have as yet not considered any dies cost and this die might easily become 
obsolete if the wheel manufacturers should change the design of the wheel 
hub or bearings This goes back to our belief, proven first, in our former 
tractor design, that is, to eliminate castings and consequently patterns 
wherever possible. To carry the argument for welded design in our sprayer 
still further I ask you simply how else could we possibly mount our agita" 
tor bearing plates without subjecting them to the distortion m the tank 
heads? There is no conceivable practical method by which these agitator 
or drive shaft bearings could be held in line or hned up at all for that matter. 
The only possible method would be to bolt or nvet a heavy plate to the 
tank head using some type of plastic sealing compound between the two m 
order to take care of the irregulanties between the two services. To this 
plate would then have to be bolted a self aligning bearing which would be 
very difficult if not impossible to keep from leaking spray liquid. Such a con-^ 
struction would still be subjected to vibrations and bulging which might take 
place m the tank heads. X^ereas, by welding the plate m, we fom a very 
strong and rigid unit. By welding these several parts together to form the 
finished tank assembly the strength of each part is added to the whole form" 
ing a very durable unit, eliminating the necessity of any frame 

Let us refer again to the conventional sprayer The use of arc welding 
to replace other means of fastening does, of course, form a more durable 
joint and usually is less expensive, but cannot be considered as welded design, 
or the using of arc welded construction to its fullest advantage. 

In our design we have completely eliminated this built up frame, axle and 
tongue, at a saving of 600"pounds of steel and the cost of the wood spray 
tank. Their frame has to be built strong enough to carry the spray tanx 
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Fig. 8. Tractor disc harrow. 

and spray solution load They are not able to use any of the strength built 
into their spray tank to an advantage, whether it be made of steel or wood. 

Another advantage of our unit and one which cannot be accurately 
measured is the permanent built-'in protection from the very dangerous fast 
revolving power-take-off shaft This is accomplished by building the front 
of our frame over the shaft by welding it to the top of our tank This is a 
simple matter in our construction but could not be done on the conventional 
sprayer. It would be possible for them to build their frame up on the front 
end by the use of additional structure shapes, but this would make their unit 
even more awkward and bundlesome looking than it is at present, to say 
nothing of the added expense In one county alone, there were 3 deaths 
attributed to tractor power-take-offs in 1941 

These shafts seriously injure many hundreds each year and many 
hundreds more are lucky enough to escape by merely having their clothes 
torn off. In this case welding simplifies the protection so that in giving 
credit for this increased safety, at low cost it must be given first to welded 
design, not merely to welding alone, because the sprayer itself was conceived 
with arc welding as an integral part of it. 

The total cash savings accomplished per year cannot be accurately 
itemisjed in our case because we can only guess at our competitors cost per 
each or what our cost would be by other methods, inasmuch as we designed 
the sprayer to make a full use of arc welding from the beginning. Having 
learned through our early experience in the manufacture of tractors, that we 
could make our products better in every respect and for less initial cost and 
less preparatory expense by using arc welded design to its fullest extent. 
However, we have one very positive comparison of cost in the total pounds 
of steel saved and the cost of the spray tank as pointed out. In 1941 wc 
built 68 units — taking the low value of $60 each, this meant a total saving of 
$4,080. We are also making an actual saving of 46-cents per each on the 
tank cover assembly or a total saving of $31.28. This also can be attnbuted 
to arc welding. In the assumed case the welded wheel spindle versus the 
bolted one, there would be an apparent saving of $476 for the 68 units in 
194L However, these unfavorable compansons for other construction 
methods could be made throughout the unit but could only be made on an 
assumed basis. Therefore, we believe it best not to make such comparisons 
but to say only that we are and were certain that the welded construction 
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was the cheapest and has been used to an advantage wherever practicable. 

It may seem a little far fetched when I state as I did at the beginning, 
that I believe that farm equipment can be built better in every^ respect and 
for less money by the use of arc welded design. But I still maintain that I 
am right. There are a few cases, such as a tractor transmission housing or 
other gear housings that for various reasons can be cast and machined 
cheaper than they can be welded. But these are only remote exceptions to 
the rule — ^whenever possible build your equipment of fabricated steel and 
design it from the “ground up” for arc welded design. As a further argu- 
ment in the favor of arc welding, we are enclosing pictures of our tractor disc 
harrow, our latest achievement, (See Fig. 8). This unit I have patented and 
have made contracts for its mass production by a large farm equipment 
manufacturer. This disc does better work than the present conventional discs 
and has undergone all conceivable tests from Florida to Ari^iona to Michigan. 
It had to prove itself before this company would consider its manufacture 
because of its unique design. Our 7-foot tandem disc weighs 614-pounds as 
against an average of the conventional unit of about 900-pounds. Yet this 
disc penetrates the soil as well as the present type. The disc gangs are 
similar to the standard construction. The total weight saved and the unique- 
ness of design being all in the framework. This frame is one solid unit with- 
out a bolt in it. It is welded from one end to the other. Each small brace 
re-enforcing each other brace and holding the disc gangs in a truer relation- 
ship than possible in the conventional disc. This frame is stronger and will 
stand more abusive use than the conventional frame, although we have 
saved over one half of the weight usually found in the frame, or one-third 
the total weight of the disc. This unit would not have been possible without 
the use of arc welded design. 

The one reason our disc has been so extensively tested by this farm 
implement manufacturer is that they have had to install the arc welding 
equipment necessary and did not want to do so until thoroughly convinced. 
They are still back in the horse and buggy era of implement design — still 
bolting steel to castings to more steel, etc., in order to make connections. 
However, this company has already started to re-design their implements with 
small amounts of arc welding appearing here and there. But it will be several 
years, if ever, before they eventually arrive at true arc welded design. 

How much better oiF both they and the farmer would be if they would 
scrap their present design of implements — clean the cobwebs oif of their 
drawing boards and design for truly arc welded construction. 



Chapter XXXI — ^Arc Welded Bicycle Racks 

By John A. Dearie 

Draftsman, Western Union Telegraph Co., T^ew Tor\, T. 



Subject Matter: Stress is laid upon the possibility of concealing 
welds in the construction of ‘"open articles” where good appear' 
ance is desired. The cost of a riveted rack used by a telegraph 
company is compared with that of a welded rack of the same 
general design. A design is presented for a rack of entirely 
different appearance, together with an estimate of cost. 


John A. Dearie 


As a subject for arc welding, a bicycle rack would hardly be foremost 
in a person’s mind. Arc welding is primarily thought of as a means of mak- 
ing a long continuous joint, a repair or a permanent addition to an iron or 
steel article. Arc welding possibilities are frequently overlooked in the 
design and construction of open articles having small and in some cases 
many joints. A bicycle rack is an example of an open article with many 
joints. 
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The necessity or cost of grinding welded surfaces is often considered 
a barrier to the use of arc welding when appearance is of importance. Too 
frequently, the possibihty of hiding the weld is overlooked. With but few 
exceptions, the welded joints used in the bicycle racks, as descnbed in this 
paper, are hidden 

Arc Welded Bicycle Racks — ^The subject of this paper is divided into 
two sections, both related to the single object of improvmg the design and 
construction of bicycle racks by arc welding Under the first section are 
discussed the economies and improvement by arc welding in the construction 
of a bicycle rack for telegraph messengers. Drawings, Figs. 1 and 2, showing 
the construction of the standard riveted type and the new arc welded type, 
respectively, are included under this section. The second section is concerned 
with the design of a modem, all purpose bicycle rack of tubular construe^ 
tion, arc welded throughout as shown on drawing. Fig. 3. 

Improvement of Telegraph Messengers’ Bicycle Rack — ^The bicycle rack 
shown on drawing. Fig. 1, with minor vanations and alternate construction, 
has been standard for some years. With the exception of the wheel spacer 
assembly of pipe and rod with peened ends, the joints are of riveted con- 
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struction Screws are used for fastening the bottom braces to the central 
gusset plates to allow the rack to be folded for shipment. 

Drawing, Fig 2, shows the same rack, arc welded at all joints with the 
exception of the necessary pivoted joints for folding Flush nvets are used 
at the top and lower end plates and flat head screws are used at the central 
gusset plates in keeping with the smooth clean appearance of the rack as 
a whole 

The construction of the wheel spacer assembly may be of interest from 
the standpoint of the use of the hidden weld The tubes or pipes are arc 
welded to the under side of the upper cross channel Holes are punched 
through the web of the lower cross channel to allow the tubes or pipes 
to protrude through the holes approximately %'mchi to provide a substantial 
welding surface' None of the welds require grinding inasmuch as they are 
all below eye level and are therefore hidden The wheel spacer assembly 
has a clean finished appearance compared with the peened rod ends on the 
spacer assembly of the standard rack 

The pm spacers, for engaging the bike wheel to the rear of dead center, 
are also applied with hidden welds. In this case, a formed lunch shift tube 
of approximately 225 degrees is employed as a cross brace. The pins consist 
of ^''inch rod, formed into a shape, placed into punched holes in the 
tubing. Welds are again hidden on the under side of the tubing and therc^ 
fore require no grinding. The split tubes are low and therefore require 
but slightly more than a half round penphery to produce a modern round 
tube effect 

Other hidden weld joints include the fastening of the wheel spacer 
assembly and split tubes to the end framing or braces. The gusset plates arc 
arc welded to the braces by conventional arc welding. No excessive grinding 
is required at these joints, depending to a great extent on the experience 
and technique of the welder The gusset plates are vaned from those of 
the standard rack m keeping with the smoother, more finished effect invari' 
ably produced in an arc welded design. 

Figures on Savings in Construction by Arc Welding 

Contract cost of standard riveted rack $ 

Over a period of a few years these prices have 
varied from $6.50 to $8 50 in average quantities 
of 400, a normal year s requirement. 

Average quotations on new arc welded rack $ 6.00 

The arc welded rack was designed in 1941 and 
the quotations were received in the latter part 
of the same year. No contract has been placed 
because of prionties and the established policy of 
the company using the racks to buy only in cases 
of extreme necessity any articles made of critical 
materials. The quotations are from equivalent 
manufacturers and are therefore comparable. 

Saving ia cost of each arc welded rack as compared with the standard 
riveted rack, $1.50 or 20%. 

Annual saving by our company on 400 units...-.-™ — $600.00 

Referring to figures on offices and agencies having messenger service, it 
is estimated that from 12,000 to 15,000 racks, of the standard riveted 
shown on drawing, Fig. 1, and other racks to meet local needs and conditions 
of service^ are in use by the same company. The use of the new arc welded 
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rack as shown on drawing, Fig. 2, would result in total savings of approxi' 
mately $20,000 to the one company alone. 

It would of course be very ha:;ardous to attempt to estimate the total 
number of bicycle racks of similar nature in use today In any aty, town or 
community, we see stores, service companies and other business establish^ 
ments using bicycle racks in numbers at least equivalent to several times 
those used by our telegraph company alone. While reluctant to use figures 
arrived at without benefit of statistical data, it appears logical and conserva^ 
tive to state that the total economies, which could be reali2;ed by the general 
use of an arc welded rack of the nature described, would greatly exceed 
the $20,000 for one company alone and probably would amount to several 
times that figure. 

Tubular Bicycle Rack of Arc Welded Construction — ^Modern design 
practices are adhered to in the determination of suitable lines for the rack 
shown on drawing. Fig 3 Tubmg is modern for furniture, stands, racks 
and many other articles of such nature It lends itself readily to the use of 
curves for graceful lines and strength The end frame is a continuous curve 
with a slight bow at the top running into half circles at either side to match 
the front wheels of bikes alternately and oppositely placed in position. The 
half circles run into a reverse bow at the bottom to prevent “rocker” action 
and to provide a suitable mounting for the lower cross brace of the wheel 
spacer assembly. 

At a glance, the rack appears to be of the conventional, arc welded, 
tube or pipe construction. On study of the details we note, however, that 
hidden welds are employed at practically all joints The construction of the 
wheel spacer assembly is similar to that of the messengers' bicycle rack. 
Formed split tubing is employed for the upper and lower cross braces with 
the vertical tubes protruding through punched holes in the lower cross brace. 
At both top and bottom joints the vertical tubes are tack welded to the 
under surfaces of the horizontal tubes or cross braces The welds are thus 
hidden and require no grmding. If the tubes were joined in the usual manner 
by welded surface contact, the welds would require gnnding. Grinding 
would not only weaken the joints but would entail an expensive operation 
considermg the construction to free movement of the grinding wheel by 
adjacent uprights The construction of the pin spacer details, consisting of 
54-'inch rod bent “U” shape and welded to the under side of the split tube 
cross brace, is the same as that of the messengers’ rack. 

Application and Use — ^With rubber shortages and gas rationing so promi^ 
nent m the news and so closely woven into the rapidly changing pattern 
of our daily routine, it is needless to furnish proof that use of the bicycle is 
rapidly expanding What has been the pride of the American boy, is becom** 
ing the means of transportation of his father. Racks will be required for 
stormg the bikes at railroad stations, factories, public buildings and innu*' 
merable places. 

The rack shown on drawing, Fig. 3, may be considered in the category 
of a general purpose rack. It is modern and in keeping with the fixtures 
and appointments of a better grade railroad station, municipal building, 
library and other public buildings. The cost is not prohibitive for factories 
and business establishments where a sturdy, serviceable rack would be par-' 
ticularly desirable. The end frames are standard for all racks. The wheel 
spacer assemblies and cross braces are designed to be furnished in a few 
standard lengths of 4% 6% 8^ or lO-'feet. The drawing shows how Ac rack 
nay be quidBy set up and assembled when shipped “knocked down’\ 
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Cost of Modem Tubular Rack 

Cost of material for 6-foot rack 

2 — End Frames, 11 -ft each, 1*" dia X #16-Ga. Welded Tubing, 

22-ft. @ $ m/ft $ 2 92 

4 — Cross Braces, 6-ft each V' dia X :55^16-Ga % Round Special, 

24-ft @ $ 12/ft (estimated) 2 88 

22 — ^Uprights, l'-4" each, i/i' dia. X #16-Ga. Welded Tubing, 

30-ft @ $ 108/ft ^*24 

22 — Pm Spacers, 1 1 each side of rack, Rod Approx 8'' long, 

16-ft @ $ 018/ft 29 

8 — ^Joining Rods, dia , 3" each 2-ft. @ $ 19/ft 38 

Incidental material, tube filler for bending, welding material 
etc. (Estimated) 1 


Total Cost of Material - $10 71 

Cost of Labor. 

Estimated Cost of Cutting and Bending Tubes, Punching, Drilling 
and Tapping for 8 Assembly Screws (including Machine 
Set-Up Time) l^^^brs. @ $2 00/hr 

Estimated Cost of Welding and Grinding 1-hr. @ $2. 00/hr 

Fitting and Incidental Labor. 

*Spraymg with Enamel 6s? Baking Oven Time, including Material 

Packing for Shipment including Material 

Total Labor, Painting and Packing $8.29 

Total Cost: Total Cost of Rack including Material and Labor 

($10.71 + 8.29) $ 19.00 

’“Chromium Plate would be preferable but as a critical material its use would not 
be justified or proper for this purpose. 

The above figures are based on estimates in reference to labor costs 
but they appear conservative especially if several hundred units are involved. 
The figures were reviewed by two manufacturers who considered them 
reasonable. They also advised that the racks could readily be manufactured 
in quantities of 500 at $23.75, which will allow a margin of 25 percent for 
waste, overhead and profit. 

No direct compansons on arc welding and other construction methods 
on the modem tubular rack are available. If arc welding as compared with 
riveted construction can effect a 20 percent reduction in selling pnee on a 
messengers’ ruck, the reduction in the tubular rack would be at least as 
great or greater because the joints must be cleaner and smoother masmuch 
as Aey are more noticeable. On this basis, arc welding on the modem 
tubular rack would effect a unit saving of $4.75 or 20 percent of the 
selling price. 

Economies and Advanti^es by Arc Welding Bicycle Racks — ^Wc have 
already indicated that gross sawngs greatly in excess of $20,000 and very 
probably several times this figure, may be attributed to the use of arc 
welding on bicycle racks of the type used by telegraph messengers- The 
rack serves a dual purpose in the nature of a holder for bicycles and as a 
stand or frame for a commercial sign. In either case, the use of arc weld^ 
ctmitrucrion improves the appearance by making it a smoother, more sub' 
stantial and finished looking unit. 


3 00 
2 00 
.79 
1 50 
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Fig. 3. Bicycle rack, tubular arc welded conetniction. 

We have submitted a modem design for an article of wide application 
and the many advantages of arc welding in the construction of such an 
article. By comparison with the messengers' rack we have indicated unit 
savings of $4.75 in the construction of a modern tubular bicycle rack by 
using arc welded joints throughout. As a staking object of thoroughly 
modem hncs, any joint but a smooth joint, or any surface but a smooth 
surface would be decidedly out of place. Any screw head, rivet or peened 
rod end would definitely detract from the attractive appearance and func-' 
tional characteristics of the design. The rack is suitable for places where 
“better grade" objects are expected as well as for places where cost is of 
pnmary importance. 

In arriving at figures for the applications and use of the modem, tubular, 
arc welded bicycle rack, we could refer to railroad time tables and add the 
stations, or a register of manufacturers and add the number of factories, 
or an index of cities and towns with public buildings and meeting places, 
or a church directory and add the number of churches* Not counting the 
applications which would probably be overlooked, the total would undoubt-* 
cdly run into high figures. The gross savmgs by arc welding would amount 
m dollars to 4,5 times these figures. 

As far as arc welding construction methods are concerned, nothing 
previously unknown has been developed. The hidden weld with resulting 
ehmination of gnnding costs is responsible to a great extaat iw layinga 
effected by arc weldmg. While not new a wider application of the hidden 
weld in the design of other articles of dpen construction would in many 
cases result in similar economies. 




Chapter XXXII — Redesign of Oil-Gas Furnace 

By Lemuel J. Harris 

Manufacturing Foreman, Holland Furnace Co., Holland, Michigan 


Subject Matter: The purchase of a welder inspired this oil and 
gas furnace manufacturer to redesign two parts of the furnace. 
The radiator outlet was changed from a bolted'-on casting to a 
welded steel thimble. The saving was $.89. The furnace was 
supported by 3 "inch pipe legs with flanges on the bottom. 
Several castings were necessary to fasten the legs to the furnace 
and stiffen the rather weak pipe legs. A stamping was designed 
to replace the pipe and castings. This change saved $.39 or 
48% per furnace. The total saving during 1941 was $1,920 in 
producing 1,500 units. 


Lemuel J. Harris 



Upon purchase of an arc welding machine by my company, I thought it 
might be advantageous to redesign some parts of our new product, namely: 
an oihgas furnace, so proceeded to make such changes as seemed advisable. 
The following are the steps taken and the results obtained. 

In Fig. 1, part number VlOl, (radiator outlet), you will observe that in 
the original set-up a casting was used. This casting, weighing 21 "-pounds, was 
bolted to two sheets of 16"gauge black iron with sixteen — ]4dnch x |4dnch 
machine bolts and nuts. Between the black iron sheets and the casting there 
were two — 164nch strips of hinch x ^edneh oil burner listing (asbestos) 
with iron cement to completely seal the joint against combustion gas losses. 
At the best such a joint cannot be permanent, although it will stand without 
replacement for years. This set-up was eliminated and replaced by a welded 
steel thimble VHP as shown in Fig. 2. This thimble with its inside choke 
was welded as a unit, then welded into radiator sheets as shown. In replacing 
the casting it was necessary to increase the length of the radiator sheets by 
12-inches, which makes a total of 192"8quare inches 16-gaugc black iron 
sheet. To this is added 218-square inches 16-gauge which is rolled to make 
the radiator outlet and baffle. To assemble this required 37dnches welding 
which was made with J/a-inch rod. Welding time 5 minutes SO^'seconds, co^ 
rod $.01. Toal cost weld and rod $.07. Sheet iron added dVi-pounds @ 
.025 « $.16%. Total cost $.2325., ■ 

Against this in the old set-up were, the following costs: 1 wood pattern 
labor $58.00, material $8.50. One metal pattern labor $78.00, material Il0.50. 
Molding cost labor only $.36, material grey iron, 21 -pounds, $.015 per potind, 
at spout $.315, sand blast $0.15, grind $.02, drill 16 holes drill $.06. 

Tc^I cc»t of casting ready to assemble, each $.77. In order to assemble this 
casting to the radiator sheets the sheets had to be drilled. Sixteen holes 
^%4dnch ® $.03. 

In twcmbling, 32-tnchc8 of l-inch x O.B'. listing ito used $.045* 

X 3-mch round head machine bolts, nuts and washers $.08. 

U89 
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Fig. L Cut-away view of the oil-gas furnace, 
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Hqr. 2# Arc •weMcd comlmdion* 


Assembly cost $.20. Total cost material, labor $1,125'. This cost has bcca 
arrived at without figuring the life of the patterns and their cost. The patterns 
were used only to show the initial cost involved to produce the first casting, 
which becomes unnecessary by use of arc welding. Total cost, old method 
$1.12?. Change in method — $.232? — a saving in the first steps of $1.12? — 
$.232? » $.892?. 

The Kcond step of progress was accomplished by replacing 9 castings. In 
Fig. 1 you will notice the furnace combustion chamber and radiator are 
supported by threc“28dnch x |4dnch heavy-duty pipe legs* The bottom 
of the pipes resting on three c«ist iron leg sockets part VI 0?, Pig* 3* These 
leg sockets arc to prevent the pipe from cutting, through the sheet iron on 
which they rest, also to prevent their spreading. Part Vlll burner support 
also cast iron, Fig. 4, three required, arc stiffener brackets with a double pur- 
ple. Lower half of bracket support burner. Fig. 4* Leg bracket V112 cast 
iron, Pig* 1, three required, each have a %ednch stud cast in thdr bodies, 
which arc inserted into the top end of the pipe. This completes the old type 
of «t-iip. ^ 
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Fig. 3. Cut-away view of base section. 


This set-up requires, as shown in Fig. 5, three— 28'inch lengths heavy- 
duty black pipe, cost $.28. Cutting labor $.015. 


3 leg sockets Vl05 Drill 

6 holes 4. 

Cost 

$.015 

3 burner support Vlll Drill 

6 holes ^%5 

Cost-.,, 

.025 


*3 holes 



3 kg brackets VI 1 2 Drill 

6 holes i %4 

Cost,.,,,.,* 

.02 


3 holes %6 




3 Studs, Labor aad material 

.06 


^ A^mbly requires six— %8-inch x 54-inch sheet metal screws, twclv»— 
J4'incb X 54-inch machine bolts and nuts and washers, value $.07f . Assembly 
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Fig. 5. Ports used in construction. 

cost $ 20 . Labor and material $ 069, to which must be added molding cost 
etc. Pattern cost for the three difFerent castings: 


Wood patterns $23 60 

Metal working patterns 76 64 

Material cost 13.00 

Molding cost: 

Leg spaces 0075 

Leg bracket 03 

Burner support 015 

Metal at spout: 

4% lbs. @ .015 07 

Sand blast 0025 


.1250 

Total cost labor and material $.69 and $ 1250 ~ $ 8150 

The old method as shown in Figs. 1 and 4 was replaced by V 120 , Fig. 2 . 
This set-up required 3 channel-shaped legs as shown in Fig, 2 In each leg, 
there are 5 holes, two punched out for the ^-inch machine bolts that fasten 
them to the combustion chamber, one in the bottom ^% 4 -inch for a sheet 
metal screw, one at the oif-set ^% 4 -inch for the burner support mounting lug 
screw as shown on Fig. 1 . One hole at the top where the lower 

radiator ring VI 02 is held in place by tie rod — ^not shown but opposite one 
shown in Fig. 2. 

This leg is blanked, punched and ps^rtly formed in blanking, pierang 
and forming die. Cost of die, labor and material $250.00, Cost of 16-gauge 
sheet metal for 3 legs @ .09 = $.27. 

There is 4 % -inch weld required on 3 legs Finish form and weld. Time 
and material $. 12 . Secondary assembly time has been eliminated aa legs axe 
now assembled when furnace is installed as there are no castings involved and 
is included m the installation final assembly. Six — i4dnch x ^-inch machine 
bolts, nuts, and washers and three metal screws, cost $.0375, This mata 
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a total cost labor and material less die cost $.4275 against $.815 under old 
method. Results: a much better, more stable leg at less cost, approx;imately 
48 per cent saving. 

All costs in this report are actual less overhead expense. 1500 units were 
made in 1941 at a total saving of $1,920 over old method by using electric 
welding in construction. Die costs were only shown for comparisons, not in 
figuring actuals. Pattern cost less overhead $269.24. Dies cost less overhead 
$250.00. 



Chapter XXXIII — Bottle-Washer Redesigned for Welding 
By Ernest R. Becker 

Assistant Chief Engineer, ‘The Liquid Carbonic Corp., Chicago, III. 



Subject Matter: Bottlc^washing, machine^conveyor assemblies 
have been made mostly of castings riveted to chain “carriers. The 
riveted assemblies were generally distorted enough by buckling 
of the rivets to make the accumulated error too great for good 
performance. The carrier ends' cupholders were redesigned for 
stamping and assembly by welding. Jigs were used for the 
welded assemblies which also proved to be adequate for inspec- 
tion. If the part could be removed from the jig by hand, it 
was within the tolerance demanded and no further inspection 
was necessary. This redesign of the two parts saved $95.79 per 
machine and required less power to drive the machine due to 
lighter moving parts. 


Ernest R- Becker 


The project described in the following analysis covers improvements and 
economies achieved in the manufacture of bottler-washing machinery through 
the substitution of steel sections fabricated by arc welding in place of cast 
iron sections formerly used. 

The type of machine under analysis, a bottle washer, is used by the brew- 
ing and beverage industries for the continuous and automatic washing and 
sterilisjing of glass beverage bottles. 

Fundamentally, the apparatus consists of a large tank, sub-divided into 
compartments containing the cleaning, sterilisjing, and rinsing solutions, and 
having attached thereto the necessary automatic machinery for receiving dirty 
bottles, conveying them progressively through the various solutions, thence 
through successive stages of exterior and interior brushing and rinsing; finally 
depositing the clean and sterile bottles on a conveyor leading to automatic 
filling and crowning devices. 

The mechanism for transporting the bottles through the machine consists 
of an endless conveyor made up of adjacent transverse channel sections, each 
providing a series of openings or pockets and connected at their respective 
outer ends to endless parallel strands of heavy conveyor chain. The con^ 
nection between channel sections, or carriers, and the chains has heretofore 
been accomplished through the medium of cast iron carrier end pieces, riveted 
to the carriers and fastened to the chain links by bolts. Buckling of the rivets 
in their holes introduced misalignment between the carrier ends and carrier 
sections of such magnitude that rejection of finished parts averaged nearly 5 
per cent. Furthermore, it was often necessary to remove completed carriers 
from finished machines at the final operating test run because of accumulated 
error on several successive carriers. 

Redesign of Carrier Ends — ^After several unsuccessful attempts to main- 
tain closer tolerances without adding unduly to the manufacturing costs, it 
was finally decided to redesign the carrier end for welding, instead of riveting 
to, the channel sections. This naturally required a change of material from cast 
iron to cast steel or to a steel stamping. 

1196 
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A preliminary estimate indicated that a steel stamping, so designed as to 
eliminate all machining operations, would effect a considerable saving over 
the use of castings; consequently work was begun along this line. 

In the final design the carrier end consists of two pieces: a cup or body 
of n^gauge deep drawn steel and an attachment lug of S^gauge steel, both 
punched and drawn to a suitable form and arc welded together into a unit. 

The punching, forming, and drawing operations for each part are per- 
formed in progressive dies to tolerances closer than could be economically 
maintained in the machining of the original cast iron parts. 

The attachment lug and body are joined by arc welding, in a fixture which 
holds the parts in exact alignment, resulting in a finished piece of such 
accuracy that in the manufacture of 20,000 pieces to date, there has not been 
a single rejection. 



Hg. I» Cost Iron carrier and base front and rear Tiews. Fig. 2. Tbe redesigned carrier 
end bcwe, Hg. 3. FrogresslTe punching and forming operotlcms. 


AH necessity for separate inspection has been eliminated, since the weld- 
ing fixture itself constitutes an inspection gauge in that any part which 
can be removed by hand from the fixture is necessarily well within the re- 
quired tolerance limits. 

In the attached illustration. Fig. 1 shows the original cast iron carrier end 
piece, front and rear views; Fig. 2 shows corresponding views of the re- 
designed part; while Fig. 3 indicates the progressive punching and forming 
operations in the fabrication of the component parts. 

Welding the carrier ends into the carriers is performed in a specially de- 
signed roll-over fixture in which the end pieces are held in true relative align- 
ment and maintained at an exact di^ancE from the end pockets 'of .the 
carrier sections. Here again, the welding jig likewise serves as an inspection 
fixture. 

Because the riveting operation required with the original design introduced 
misalignment of the end pieces, which in turn was responsible for binding 
of linlb in the carrier chain, it was necessary to provide a special self-aUgoing 
connwtion between the end castings and the chain links. This consisted of a 
spherical counter-bore in the casting to reedve a plano-convex washer; the 
ccmlanation forming a modi&Kl universal joint between the end castings 
and the chain ride bars. Since the welded derign was adopted, no such 
provMcm has been found ncc»«,ry kwtw of the inherent accuracy of the 
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Pkotograplis of a complete carrier with the cast iron ends, as well as one 
with the fabricated end pieces, are shown herewith, (See Figs 4 and 5), 
Original estimates on the cost of this new design compared to the Imowii 
cost of the standard part indicated that the expected saving due to the new 
method of manufacture would approximate 6c per piece. The actual saving 
accomplished is shown by companson of the following figures: 

Cost Data — Cast Iron Carrier End Piece 
Material— 11/2 lbs C. I @ 7c ^0 50c 

D rilling all Holes 2 40 minutes 

Spherical counterbore .66 minutes 

Inspection -25 minutes 

3.31 minutes (@ $1.54 per hr.) 8 50c 


Cost per piece 

Riveting to earner channel — 2 2 mm. (@ $1.60 per hr.) — 

Final Cost — ^Assembled — ^per piece 

Cost Data — Steel Welded Carrier End 
Matenal (includmg scrap) 1 lb. Annealed Steel Sheet @ 2 28c 
Body 

(Shear strips .05 mmutes 

(Blank, Draw, Pimch .31 mmutes 

Lug 

(Shear strips .04 mmutes 

(Blank, Draw, Punch .60 mmutes 


1 00 mmutes (@ $1 64 per hr.) 
Weld (on Speaal Picture — 1.00 minutes 

(@$2 07 per hr) 


Welding Rod 


Cost per piece 

Weld End Piece to Carrier Section 1.4 mmutes 

@ $2.07 per hr.) 
Welding Rod 


.19.00c 
, 5.90c 

.24 90c 
. 2.28c 


2.73c 

3 45c 
.20c 

8.66c 

4.83c 

.40c 


Final Cost — ^Assembled — ^per piece 1 3.89c 

Cost Difference (24.90c'13.89c) in favor of Welded Construction,.! 1.01c 
This difference of 11.01c each represents a saving of 45 per cent in favor 
of welded construction. 

Note: All hourly rates based on direct labor plus overhead. 

Since a bottle washer of average size has approximately 300 earners, 
representing 600 end pieces, the saving accomplished through the design 
change on this particular piece averages $65 64 per machine. 

As stated in the preliminary description of a bottle wadier, the carriers 
are moved progressively through the machme. This motion is accomplished 
by an intermittent pusher mechanism, operating at approximately ten strokes 
per minute. The lighter construction of the welded carrier ends effects a 
saving of iV^-pounds per earner, or a total of 450'pound8 in the complete 
bottle conveyor, which in turn results in a very considerable reduction of the 
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nig, 4, Comjplete carrier with coat Iron heods. Fig. 5. Fabricated carrier. 

power required to drive the machine. Equally important is the reduction in 
wear of the various moving parts of the drive mechanism and of the conveyor 
chain itself. 

Redesign of Cup Holder — Further investigation of other members of the 
machine led to an analysis of the lower cup holder design. This lower cup 
holder is a heavy casting (3 7 5 -pounds) of I-Beam cross-section carrying a 
double row of spring-supported centering cups; the whole assembly mounted 
between guides and being reciprocated vertically through the medium of cam- 
actuated lifting arms. Fig. 6 shows one of these castings with several of the 
centering cups in place. 

The revised design, illustrated in Fig. 7, consists of upper and lower 
channel plates arc welded to a center web member to form an I-Beam section. 
Stress calculations indicated that 8-gauge steel plate for the upper channel 
and for the vertical web members, and 10-gauge plate for the lower member 
would provide a section of ample strength. 

Because of the fact that the assembly requires a degree of accuracy higher 
than is usually maintained in structural fabrication, the problem of warping 
during the welding operation reedved special attention. On the first trial 
assembly, the web member was joined to the upper and lower channels by 
interrupted fillet welds. 

The resulting finished part, although acceptable, showed a definite tendency 
towards warping, and it was evident that this condition could be expected to 
become more serious in regular production. A second experiment section was 
fabricated In which the fillet welds were omitted and the parts joined by 
^'plug"^ welds. To this end, elongated holes, |4dnch wide x 1 Vi-inch long 
spaced 4-inch centcr-to-ccnter, were punched along the longitudinal center 
Hnes of tibe upper and lower sections, and the center, or web member, was in- 
creased from 8-gaugc plate to i4’^mch in thickness. The material of this 
iMtion was also dbanfdi from imt tolled plate to a cold rolled steel bar for 
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die g?Trf» of increased accuracy, and in order to provide a sufficient foundation 

for the “plug” welds. , 

After tacking the parts in place, the welds were made, tat filling m two 
slots in the upper member, then welding two correspondmg slots in the 
lower member, alternating between the top and tottom members untd all 
welds were completed. In this way, heat 6stnbuti6n throughout the toee 
sections was equalized and severe shrinkage stresses avoided. The finished 
section fulfilled all expectations. 



Fig. 6. Casting and Fig. 7 welded design with centering cups* in place. 


In the original cast iron version, the upper openings for the sliding cups 
were fitted with bronise bushings pressed into place, whereas in the lower 
flange no bushings were required; the casting being designed to prowde 
sufficient depth for proper welding surface. In the new design^ lacking 
sufficient thickness of metal to assure a satisfactory press fit, the upper 
bushings are provided with two drilled ears for hold'down screws and special 
shouldered and threaded bushings, clamped in place by a retaining nut are 
used in the lower flange. 

A multiple punch assembly for the upper section punches two opporitc 
cup openings, four holes for bushing retainer screws, and one dot for welding 
at each press stroke; the press being provided with a spacing bar for accurate 
longitudinal positioning. The same die set, through interchangeable punches, 
is used for perforating the lower section. 

It will be noted that the sliding lugs, or cross-heads, at each end of the cup 
holder are separate pieces bolted in place, whereas it might seem that 
Aould have been incorporated as a unit part of the design. Available machine 
shop fadiities were the determining factor in this case, since the ^pamte 
cx>nstruction permitted the use of a standard milling machine for finishing, 
thus releadng a large machine of greater earning capacity for other urgent 
op^erations. ■ 

The 'Welding fixture was designed "to hold the component parts in aawrate 
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alignment during welding, while incorporating easy and rapid positioning on 
“roIhover’\ to allow of alternate top and bottom welding, as noted previously. 

There follows a comparison of actual manufacturing costs of the two units 

In tabulating these costs, the bron2;e bushings in the upper flanges of both 
the original cup holder and the improved design have been deliberately omitted 
from the calculations It so happens that the cost of fabricating and assembling 
the original bushings is almost exactly the same as the corresponding costs on 
the new style; consequently, omitting both from the figures permits a more 
direct comparison between the cost of the two units. 


Cost Data — Cast Iron Cup Holder 


Material — 375 lbs 

Cl @ $088 



$33 00 

Plane Top 

19 

hrs. 

@ $190 hr. 

3 61 

Mill Bosses 

5 22 

hrs. 

@ $1 80 hr. 

3 96 

Mill Cross-heads ... 4 6 

hrs. 

@ $1 80 hr. 

8.28 

Mill Side Pads 17 

hrs 

@ $1.80 hr. 

3 06 

Drill, Ream, Tap 8.5 

hrs. 

@ $1.90 hr 

16.15 

Total 



$68.06 


Cost Data — Fabricated Steel Cup Holder 


Top Plate 

Material — 55 lbs. @ V/^c 



$ 1.24 


Shear Stock — 10 mm 


(@ $1 64 per hr ) 

.27 

X 8 ga — 

Bend Flanges — 20 mm. 


(@ $1 56 per hr ) 

.52 

r-m" ig. 

Punch all Holes — 50 mm. 


(@ $1.64 per hr) 

1.37 

Bottom Plate 

Material — 46 lbs. @ 2J4c 
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Shear Stock — 10 mm. 


(@ $1 64 per hr.) 

.27 

X 10 ga — 

Bend Flanges — 20 mm. 


(@ $1 56 per hr.) 

.52 

r-2yz^ Ig- 

Punch all Holes — 15 mm. 


(@ $1.64 per hr.) 

.41 

Web Plate 

Material — 24 lbs @ 6J4c 



1.50 

4 X J4* 

Cut to length — 5 mm. 


(@ $1.64 per hr) 

.14 

CR.S.— 





6'-llJ4'' Ig- 





Side Strtpa 

Material — lOj/J lbs. @ 6c 



.65 

16 piece# 

Shear — 2.5 min. 


(@ $1,64 per hr ) 

.07 

1 X Yt" 

Punch — 4.0 min 


$1.64 per hr.) 

.11 

G.R.S. Bar 

Set up and weld — V/z hrs. 


(@ $2.07 per hr.) 

3.11 

5^ long. 





Bud Caatixigs 

Material — 42 lbs. C 1. @ 9.3c 



3.92 

(2 piece# — 

Layout — .8 hrs. 


(@) $1.72 per hr.) 

L38 

complete) 

Mill Ends — 1 1 hr#. 


$1.80 per hr.) 

1.98 


Mill Top and Bottom — .9 hr#. 


$1 80 per hr.) 

1.62 


Drill and Ream — .9 hrs. 


(@ $1 80 per hr.) 

1.62 

Lower H*nge 





Builimgi 

Purchased Item — .47 each 



18.80 

40 pa. complete 





with nuts. 






2 End Oii-ringt--~,4 hrs. 


(@ $1.48 per hr.) 

.59 

Awiemblf 

40 Lower Flange Bushings — 





.9 hrs 


(@ $1,48 per hr ) 

1.33 




. ... 

, $42.46 


NET SAVING— $25.60 or 


R«lalpi of this part, in addition to the cost reduction pointed out in 
the tabulation, accomplished a saving in weight of 173-pounds, or 46 per cent 
In the operation of the »mplcte machke, this assembly reciprocates at 



1202 


STUDIES IN ARC TTELDING 


the rate of ten cycles per minute, through a travel of 6-'inches, actuated by a 
lifting arm which is counterweighted. Elimination of excess weight permitted 
a reduction of approximately ISO-pounds in the cast iron counterweight, 
which at 3 J/ 2 C per pound amounts to a further saving, of $4.55. Because of 
reduced weight, there will likewise be a slight reduction in power required 
for operation, due to diminished inertia of moving parts; bearing life should 
be substantially increased, and general operation of the machine definitely 
improved. 

Although no radical changes of shape or outline have been introduced, 
the smoothly rounded edges and straight lines of the redesigned units present 
a more pleasing picture to the eye, and have definitely improved the appear- 
ance of the whole assembly. 

Summation 

I, Proportionate Cost Saving — The change from a cast iron carrier end, 
riveted into position, to a steel part fabricated by arc welding, and arc welded 
into place, accomplished a saving of 45 per cent in final cost of this piece. 

Redesigning a cup holder from cast iron to fabricated steel, assembled by 
arc welding, saved 37j/^ per cent of original cost of manufacture. 

II, Estimated Total Annual Gross Savings — (a), Production of bottle 
washing machines incorporating the members discussed on the preceding pages, 
in the plant of the Liquid Carbonic Corporation totaled 110 units, during 
the year 1941. On the basis of $65.64 per machine saved in carriers; $25.60 
on the cup holder, and $4.55 through elimination of counterweighting, the 
total per machine represents $95.79, or an overall saving of $10,536,90 per 
year; (b), The estimated total production of bottle washing machines of a 
type similar to the foregoing is 300 units per year. On this basis the substitu" 
tion of arc welding for other methods of construction in the manufacture of 
components as discussed herein would accomplish a gross saving of approxi-' 
mately $28,500. 

III, Increased Service Life and Efficiency — The saving in power costs 
realized by reducing the weight of moving parts has been pointed out pre^ 
viously. This of course results in increased eflEciency as related to cost of 
operation. Maintenance costs will be reduced through longer life of bearings, 
cams, gears, and other parts forming part of the drive mechanism. Reduction 
of breakage of cast iron sections will reduce shut-down time during operation, 
which to the bottler is the one most important factor of all 



Chapter XXXIV — Arc Welding of Automatic Can-Testing 

Machine 

By H. B. Peterson 

American Can Company, San Francisco, Calif. 


Subject Matter: Welding is a logical method for machines 
needed in limited quantities. Only one testing device was needed 
to check ‘‘ham" cans for leaks. Pattern alone for the machine 
with cast iron parts would have cost $1,550. Welded construe^ 
tion saved this pattern cost and reduced the weight over cast 
iron by USOO-'pounds. Previous machines built for testing other 
cans had used cast aluminum testing pockets. These often leaked 
and required special peening to stop the leaks. In addition, 
expensive machining was necessary to make the pockets fit the 
cans. Welded testing pockets for the cans did not leak and they 
could be preformed to fit the can. The welds were ground 
smooth and no machining was necessary. 


The problem of designing and constructing that ''problem child'’ known 
as the '‘one off” machine is one that confronts many designers. The high 
cost of patterns alone makes the overall cost of the machine prohibitive, 
especially when it is definitely known that only one unit will ever be con^ 
structed and pattern costs must be charged against the machine. Therefore, 
the logical conclusion for the economical construction of such a unit lies 
in the adoption of as much welded construction as is practical. 

The machine under consideration is a can testing machine, capable of 
detecting leaks as fine as ,002 inches in diameter in an odd shaped can 
of considerable sisie. The can is known as the "whole ham can” and is 
approximately 7V2‘'inches x lO^'-inches across the major and minor axis, by 
5y2dnches high. Whole hams are packed into these cans, sealed and cooked. 
The nature of the product and its rather high cost make it imperative that the 
can must be practically perfect or spoilage will set in with its resulting losses. 
The large size of the can and its extremely irregular shape presented 
varied problems of machining and construction. Basically, the machine 
consists of 12 pockets slideably mounted on tie rods between an upper 
and a lower turret. Rods absorb tension loads incurred in closing the 
pockets as well as providing guides for the pockets to slide on. The pockets 
are raised around the can by means of crank arms, which are cam actuated. 
On surrounding the can, the pocket forms a closed chamber around its 
periphery, this being known as the testing chamber. Subsequent admission 
of air to the can provides the testing medium and any leaking can is detected 
and rejected. The whole process or testing calls for rigid members and , air- 
tight pockets, especially where it is desirable to detect a .002 hole. 

The basic members of the machine, that is base, upper turret, lower turret, 
feed and discharge tables, also feed base, were carefully scrutinized for their 
design either as cast or as welded construction. The turrets and base are 
large conical shaped members requiring built up patterns. The estimated 
cost of these three patterns alone was $12 SO. The very cost of 'these pat- 
terns immediately turned the design over to welded construction. With the 
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valuable aid of the local welding engineers, the turrets and base were 
designed in accordance with drawings. Figs 1, 2 and 3 

The base, Fig. 1, consisted of a %^inch x 15 -inch plate rolled into a 
ring 68%'inches inside diameter and butt welded Slipped into the ring 
IS a 54-inch plate formed and butt welded into a cone and subsequently 
welded to the ring with ^g-inch fillet welds The center is a 6/^-inch 
outside diameter x 4y2-inch inside diameter seamless steel tube welded 
to cone and stiffened by dj/^-inch ribs welded to the center and outside 
ring and intermittent welded to the supporting cone The necessary connec- 
tion pads were formed as separate units and welded to the frame as a whole 
A reduction in weight from the cast iron design to the welded design 
amounted to 38 percent 

An additional advantage lies in the fact that the outer ring being used 
as part of the cam mechanism, is steel, and eliminates breakage which some- 
times occurs when a can jams 

The lower turret is shown on drawing, Fig 2, and upper turret shown 
on drawmg, Fig 3. The lower turret consists of a flame-cut plate to which 
the drive gear is attached; to this is welded a 54-mch x 7-inch ring, together 
forming a section The plate is m turn welded to a I4"inch plate cone 
reaching to the center boss Twelve %^inch x 8-inch plates form the 
necessary stiffenmg ribs Bosses for the tie rods are welded on as well 
as the bosses for the pocket raising lever. The weight of the welded con- 
struction IS 1350-pounds as compared with an estimated 1980-pounds cast 
construction or a 30 percent reduction The freedom from breakage in this 
member is of great importance, therefore the steel construction is vastly 
superior to the cast construction 

The upper turret is essentially the same design that is flame-cut plate 
welded to the center cone and with stiffenmg nbs welded to the cone. Bosses 
for the tic rods are welded to the flame-cut plate as m the lower turret. The 
center cone has 12 flame-cut holes to allow passage of air lines to the . testing 
mechanism The welded upper turret is 875-pounds as compared tp the 
estimated cast weight of 1280-pounds or a 32 per cent reduction 

The vanous tables for can feeding and can discharging as well as their 
base are constructed of y2-inch steel plate and nbbed up with %0-inch x 
4-inch straps. Machined surfaces remove any warpage and provide good 
seating for the vanous mechanisms attached to them. 

All of the structural members were not welded An exception was in 
the use of a cast overhead spider, as this member contained the delicate 
testing devices and valves. However, the supports for the spider were 
constructed of 6-inch channels with welded flanges at either end and this 
formed the attachment to the base and spider One of the channels con- 
veniently became an air reservoir when a ]Annc]x x 5-inch slab was welded 
to the webs and for its whole length. On cast construction, it is necessary 
to provide this reservoir as a separate unit requiring support and additional 
piping. Cast legs were adopted for supporting the can feed table as it is 
required to house electrical equipment and controls in accordance with the 
company standards. 

Of special interest for its novelty, is the use of welded construction 
to eliminate a costly and difEcuIt machining operation. This is employed in 
the construction of the testing pockets which surround the can. The test 
pocket must follow the contour of the can with only .010-inch to .0l?-inch 
clearance over the scam of the can. Normally this necessarily calla for 
machming. On previous machines, pockets were made of aluminum for 
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easier machining and shaped out to can size. This is relatively a simple job 
when the can is a rectangular or a round shape But in the unit lender 
discussion the can shape is irregular, and the shaping operation would be 
costly and would have to be followed by hand finishing After considerable 

study, a welded design was decided on. i i i i. 

The welded pocket consists of a cold rolled steel strip Vs'inch thick by 
d-'inches wide by 27'inches developed length, and^ of dead soft temper It 
IS welded to a top and bottom flange and to a V slide member. The 
finished pocket is shown on drawings, Figs 4 and 5 as well as welding as^ 
sembly Fig 6. The flanges are flame^cut to size with a light cut taken 
on the inside on our special cam mills which amounts to only .4 hour per 
flange The J^-'inch thick body is corrugated at two points prior to forming 
to the “ham” shape The pocket is really formed on the welding fixture 



The pocket weldmg fixture consists of a steel plate to which is fastened 
a cast iron form which is the exact size of the inside of the pocket. To the 
form is fastened a “V” block, on which the ’’‘V’' slide member of the 
pocket is placed prior to welding Two pilot pins align the flanges correctly 
to the cast iron form. In manufacturing, the lower flange is first placed on 
the fixture, and the “V” slide member next placed on the form The J/sdnch 
X 6dnch body is now ready to be placed in form. The body has been 
processed to the extent of having two corrugations pressed in the sides 
for clearance of the pull down fingers. One end of the body is first welded 
by tacking to the outside of the “V” slide member and then wrapped 
around the form The dead soft temper of the body permits the forming 
operation to be easily done. The free end of the body is inserted into the 
“V’" slide and then pressed down into the lower body flange. The end is 
tack welded to the “V’ and the upper flange slipped into place. Tack 
welds tie all units together. The body is then removed from die form 
and completely welded outside and inside. Following welding, the inner 
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welds are smoothed up by grinding. The flanges are surface ground and 
tested for leaks with SO-pounds air pressure in a water bath This form 
method of construction was subsequently used for other odd shaped 
machine guards with the exception that hardwood forms were used 

The welded pocket possesses many features not to be found m the cast 
aluminum design The weight is approximately 10 percent heavier than 
the aluminum design but as the movement is reasonably slow, inertia loads 
are negligible. Experience with the aluminum pockets on other machines 
showed It to be almost impossible to obtain sound castings As these machines 
require a tight pocket for maximum testing efficiency, any porosity is 
detrimental to efficient operation. It is often necessary to peen the pockets 
to close 'Veepers” This entails endless testing of the pocket and actually 
increases the overall cost of assembly of the machine. In the welded design 
of pocket rolled steel being used in its construction, the only possible leaks 
are in the welded joints which show up immediately on the water test and 
leakers are easily corrected. 



Ripd coinpa4ay rules prevent the dissemination of any machine cost 
data. Therefore, only a few points of saving can be given. First, m a 
reduction in pattern cost amounting to a total of The machine 

weight was reduced ISOO’^pounds with a corresponding reduction in cost 
amounling to the differential in price of cast iron against rolled steel. The 
welded members in spite of their reduced weight, rerist failure or 
bimkage due to can jama. It can be stated at this point that can machine 
dedgn presents a peculiar problem. Normally, the parts used to move a 
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can weighing at most 1 pound, should be of light construction and this 
would be satisfactory if no jams would ever occur. When a jam docs 
happen, due to some cause of obscure nature, the can handling parts must 
have the strength to resist the baling action of squashing a can. For this 
reason, steel members are preferred. The welded pockets on this machine 
saved over lOO-'hours machining time, to say nothing of the annoyances 
and time loss due to porous pockets as on the cast construction. 

There is no doubt as to the value arc welding has given to our industry. 
It makes possible the construction of highly specialhed machines at a cost 
low enough to permit early amorti 2 ;ation. 



Chapter XXXV — Redesign of Rayon Processing Machine 
By Richard W. Stanley, 

Design Engineer, American Viscose Corp., Marcus Hoo\, Pa. 



RIchai'd W. Stanley 


Subject Matter: The processing of rayon yarn produced by the 
"'box spinning"” system requires a series of washing treatments. 
These treatments are mostly carried on in highly corrosive solu" 
tions which even stainless steel cannot resist. The original design 
used carriers assembled from castings which were suspended from 
a monorail conveyor system. Arc welded construction permitted 
a more compact design which moved the carriers through the 
process without the clumsy overhead conveyor system. The 
original design was unsatisfactory in operation and yet it cost 
34% more than the better arc welded machine. The main sav" 
ing, however, is the difference in maintenance cost. Each of the 
four new machines had about $22,512 less maintenance per year 
than the original design. In other words, arc welded design 
reduced maintenance cost from 10% to about 1% of the original 
machine cost. 


In the process industries, the widespread adaptability of arc welding to the 
construction of tanks, pressure vessels and piping has established this 
method as an indispensable instrument of construction and progress. It 
follows quite naturally therefore, that the design of more specialried process 
equipment should be greatly enhanced from the start when the possibilities 
of welded constmetion are reali 2 ;ed and taken advantage of. In this instance 
particularly, the opportunities offered in welded construction proved so 
numerous and clearly obvious that it would today be found both difficult 
and costly to design equivalent apparatus without the use of welding methods. 

The subject to be described, a highly speciali2;ed processing machine for 
viscose rayon yarn, was designed as a direct result of the diflaculties encoun- 
tered in the performance of a fulhscale pilot machine, the primary purpose 
of which was to serve not only as a production unit but as a final check as 
a design basis for the construction of four additional machines. This initial 
machine was placed in service in 1939 and, after 90 days of operation, 
the combined judgment of a group of engineers determined that a complete 
redesign would be necessary before attempting the construction of addi- 
tionah machines. At first glance, this drastic decision would appear as an 
indictment of the machine's designers for their apparent failure to anticipate 
the requirements with due thoroughness.^ Mildly so, this was true but when 
comparing the redesigned machine with the original, the conspicuous 
difference at once occurs as lying in the general approach to the .whole 
problem. 

In the case of the original desi,gn, almost anything excepting a straight 
length of angle iron or a plain piece of cold rolled shafting was derign'Cd as 
a casting simply because castings had always been used before, even way 
back in gmndfather's time. This same attitude was reflected in other forms 
m mil l^xmm a major portion of the machine took the form of mobile 
units, this major portion ended up by being hung from a monorail carried 
by a special superstructure. The monorafl cemveyor salesman won out in 
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this case.. A manufacturer of silent chain recommended and sold 500 
beautifully machined sprockets and dOO-'feet of double^back silent chain 
for driving 400 spindles of the machine at the speed of 10 revolutions per 
minute. These points are mentioned here to stress the one significant fact 
which dominates the efforts of still too many designers and engineers, that 
reluctance or sheer neglect to accept and make fullest use of the* boundless 
opportunities to be found in welded construction. The very acceptance of 
these newer opportunities so widens the scope of the design possibilities 
that its effect automatically minimi 2 ;es the other persuasive influences, for a 
free and open mind is an independent mind as well. Fortunately, the fast- 
moving pace of today s industry is establishing these facts solidly and those 
diminishing exponents of yesterday’s methods will soon be extinct. 

When the scope of this particular project is realked, each machine 
and its directly associated accessories representing a cost of more than 
$200,000, it is emphatically clear that nothing short of most modern design 
treatment and construction principles can insure the benefits to which such 
treatment entitles us. The truth of this statement is brought out in a com^ 
parison of both cost and performance records of the original machine with 
those of the completely redesigned machines, three of which have com" 
pletcd 1 year of continuous (IdO-'hours per week) operation. 

Purpose of Machine — ^To more readily understand the construction and 
operation of the machine to be described, a brief explanation of its functions 
and purpose is appropriate here. In the manufacture of continuous"filament 
viscose rayon yarn, three systems of spinning are in commercial use: the 
first, the box"spinning method; second, the bobbin^spinning method and, 
third, the continuous processing method. Predominating among these is 
the first, or box^spinning method under which system three-'fourths of the 
world’s production of this type of yam is manufactured. Our subject con-* 
cerns this method of yam production. 

The term "'box^spinning” derives from the rotating cylindrical box or 
can in which the yarn is collected at the spinning machine, just following its 
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Fig. 2. Another vlo-w of the maior welded Btructures, 


chemical transition from a fluid state, through a sulphuric acid coagulating 
bath, to that of a continuous fiber. The yarn package thus formed is com' 
monly termed a “cake” and its dimensions roughly, are 7-inches outside 
diameter, 4V2'inches inside diameter and 6'inches in length. Such a package 
of average denier yam contains approximately 36,000 yards. When leaving 
the spinning box the cake is thoroughly saturated with sulphuric add which, 
after completing its action of “setting up” the freshly spun yam, must be 
completely removed by a series of washing treatments. These treatments 
are progressively applied and consist in general of a further acid application, 
a desulphurizing wash, bleaching wash, several rinses and finally, a soft 
finishing liquid treatment. It is for these treatments that our subject pro- 
vides and, while this machine has thus far been broadly termed a processing 
machine, it is more precisely known as a “cake washing” machine. The 
development of direct cake procesdng is one of recent years. In the 30 years 
of rayon manufacture in the United States, this development represents the 
most far-reaching production improvement yet made. Comparison of tiiis 
newer method with those in former use is an interesting story in itself but 
further explanation here is unnecraisary. 

Machine Constraetkm and Operation — In the ensuing description and 
discussion of the subject development, reference is made to the accompany- 
ing photographic illustrations. Figs. 1 to 4 inclusive are construction 
photos showing the major welded structures. Figs. 5 to 9 inclusive show 
the finished machine in operating form. Figs. 10, 11 and 12 show the 
mathinc as originally designed and are included for the sake of comparison. 

This description, in the main, vrill treat the redesigned subject almost 
entirely with only occarional brief reference to its predecessor for making 
comparisons. The general machine dimensions are 2J0'fcet length. Id-feet 
in width and three stories in height (including foundation pit). Approxi- 
mate working floor space, including wood platforms is 7, 000-square feet 
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(20- X 25'0'feet) as compared with the superseded design which, because 
of Its single story design, requires a working floor space of 12,000''square 
feet. The backbone of the machine consists of 12 box-'section base mem" 
bcrs each 20"feet in length and bolted together, end to end, to form 
one continuous machine base, 240''feet long overall. This composite base 
structure runs directly down the middle of the machine area at the approxn 
mate level of the working floor and is supported on adjustable jack screw 
mountings carried by suitable Tbeams which are spaced at 20''foot inte^als 
along the foundation pit, Fig. 8. Throughout the full length of this base 
structure and along its top surface is mounted a pair of steel lails for the 
support of a series of carriage units. These carriages, each 5 feet long, 
consist mainly of a box-section housing member, which is mounted on 
suitable roller-bearing wheels. Each^ carriage mounts a group of 9 rotatable 
spindles which extend from both sides of the unit. Attached to the spindle 
extensions are further extending members in the form of tubular arms 
which are made of stainless steel. These arms are of a modified circular 
cross-section and, in their normal positions, present a flat portion as their 
uppermost surface. This flat portion is suitably perforated to permit papage 
of the various treating solutions to the inside of the yarn cakes. In Fig. 9, 
the actual cakes are shown. It will be observed that these wash arms are 
provided with a flange or disc members, welded to the arm near its inner 
end, while at the outer end, a removable flange member made of rubber, 
cooperates to close both ends of the '‘tube" formed by the group of yarn 
cakes and permits thereby the forced egress of the solutions through the 
cakes themselves. 

A stainless steel distributing tank of welded design supplies each wash 
arm, through suitable connections, with the treating solutions. Such a tank 



Fig* 






SECTION IX— MACHINERY 


Fig. 4. Ports prior to erection. 

is mounted on the top surface of each carriage unit. Since the carriages are 
moved along their trticks at regular intervals of Sj^'^iinutes for the progress 
sive treatment of the yarn through the various solutions, a flexible connection 
is required at each processing station. This is accomplished by means of an 
inflatable rubber ring gasket formed like a doughnut and operated by 
compressed air. 

At this point in the description, it is important to mention two of the 
major reasons for the redesigned machine here described. To begin with, 
the solutions used in the process are highly corrosive in their effect on prac^ 
tically all metals. Stainless steel itself cannot resist the corrosive atmosphere 
and only by virtue of the final neutraliajing wash which the yam receives, 
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is its use permitted in the applications described. To combat this condition, 
all metal parts are coated with the best chemically resistant paints obtainaHe 
and in the case of the steel drip troughs which run along either side of the 
main base section these are treated with no less than six coats of a special 
synthetic resin finish which is baked on in electrically heated ovens. This 
process is naturally expensive and is restricted to those parts where nothing 
else will serve the purpose. 

In the original machine, wherein the yarn carrying units were suspended 
from an overhead monorail and steel supporting structure, the solution catch 
basins were formed as permanent concrete vats resting directly on the floor. 
Many of these were lined with special acid''resisting tile and cement which 
gave reasonably good results. These vats, furthermore, extended across 
the full width of the machine. Therefore, not only the solutions directly 
below the wash rods were exposed to falling debris arising from corrosion 
and vibration of the overhead monorail structure and piping, but to that 
coming from the carriage units themselves. A vapor^exhaust system of 
canvas was used but an efEcient design was made impossible because of the 
complex overhead structure. As a result, the installation of elaborate 
filters at once became necessary to prevent the carrying of foreign particles 
to the yarn which in itself is a very effective filtering means. These filters 
require careful and constant maintenance. No filters are required in the 
revised design. Therefore, in the construction of additional machines, all 
possible elimination of overhead mechanism was considered most important 
along with the provision of an adequate exhaust system of a simple and 
efficient design. This was attained in the first place by abandoning the 
monorail principle through supporting the carriage from below; dividing 
the catch basins and installing all piping underneath, and, providing a non" 
metallic exhaust hood (resiu'-bonded plywood with resin varnish treated 
surfaces) above the machine for substantially its entire length. 

The second major weakness of the original design lay in the use of 
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Fig. 7. Partial vi#w along one side. 

individual electric motor drives on each carriage unit for the purpose of 
rotating the wash arms. It should be explained here that for fullest 
effectiveness in processing the product, it is required to gently rotate the 
wash arms one revolution about once every 5 minutes. In other words, at 
30 of the 48 processing stations throughout the machine’s length, the wash 
arms are given a single rotation. At 15 stations, this rotation is clock- 
wise in direction; at the other 15, counter-clockwise. In this instance the 
designer succumbed to the influence of the electric motor salesman who 
recommended a motor-driven gear reduction unit, complete with an enclosed 
magnetic brake. Unfortunately this design required a trolley wire system 
of exposed conductors carried by the monorail, which construction, because 
of its unavoidable exposure to corrosive vapors, requires constant mainte- 
nance. Switch parts too, because of their operation every 
require frequent attention. This illustrates the second major requirement, 
that of a positive and efficient method of arm rotation. There was an 
interesting solution of this problem. 

Each wash arm supporting spindle carried by the car unit is mounted 
in ball bearings and provided with a drive gear. These gears form a con- 
tinuous train, spindle to spindle, and receive their motion through a pair 
of miter gears and a short vertical shaft entering through the carriage.' 
bottom. This vertical shaft is in turn driven from a second , vertical shaft 
mounted in the base section and is coupled thereto by a specially designed 
"‘two-jaw and square block” type ^ of coupling which permits automatic 
engagement and disengagement when the carriage moves along the machine 
base. The second vertical shaft in the base section is further provided with 
a gear which is adapted for suitable rotation by engagement with rack 
teeth which are machined in a tubular sleeve member. By means of a 
hydraulic cylinder, the tubular rack member is moved endwise for a distance 
equivalent to the circumference of its mating gear and the single revolution 
of the wash arms is thus effected in a simple and positive manner. An 
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additional mechanism is provided to shift the tubular rack member out of 
engagement with its mating gear, locking the latter against rotation while 
the former returns to its starting position. 

Other mechanisms included in the base sections are the carriage advance 
motion for the simultaneous movement of all carriages in the train from 
station to station, and a plunger operating mechanism for locking each 
individual carriage in position when at rest. This latter device insures 
positive registry of the carriage units with the vertical shaft couplings and 
the solution delivering connections. The carriage advance mechanism com- 
prises in general a series of vertically movable hollow plungers mounted in 
the base sections and adapted at their uppermost ends to carry a pair of 
rails formed by standard 6-inch channels, (See Fig. 1). This pair of 
rails runs the full length of the 240-foot base section, as shown. Along these 
rails at intervals of 5 feet arc welded steel castings of U-formation. When 
the vertical plungers are moved upward by means of the swinging action of a 
secondary pair of channel-shaped rails contained within the base sections, 
these U-members engage a suitable cross bar carried on the underside of 
each respective carriage unit. Thus, when the uppermost pair of rails is 
moved longitudinally through its connection with a hydraulic operating 
plunger, the entire train of carriages, 49 in all, is moved a distance of 5- 
feet. Then, as the rails recede downward, the carriage locking plungers 
mentioned earlier simultaneously engage the respective carriages and at 
the same instant, the pneumatically operated “doughnut” seals are inflated 
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and the processing continues This carnage ad’^ ance motion, as well as all 
other phases in the cycle, repeats at 2^/2'Tm.mite intervals and after 48 such 
cycles, or a total of 2^hours 48''minutes, the first carnage load of raw yarn 
IS discharged at the outfeed end, ready for the subsequent drying process 

To complete the description, it should be explained that at each end 
of the machine a hydraulic elevator, designed as a part of the machine, is 
positioned Thus, after a carnage is unloaded at station 48, (See Fig 9), it 
IS transferred by means of the traverse rails just described, to the elevator 
directly in line with the unloading station 48 Directly following this transfer 
the elevator rises for a distance of STeet, At this point the carriage 
thereon automatically engages a strand of heavy roller chain which is con- 
fined within a welded steel supporting track running the full length of the 
machine This chain is then set into motion through a hydraulic motor 
drive and the carriage is thus propelled to the infeed or loading end of the 
machine where it is received by a similar elevator, lowered to the operating 
level and again automatically transferred from this elevator to station No 1 
where it is loaded with raw yarn for another trip through the process 
Suppoit of the overhead carriage return rails is ideally provided for in the 
structural steel framework required normally for suspending the plywood 
cxhtiust duct described earlier. An excellent view of a returning carriage 
IS shown in Fig 5, while in Fig. 6, a carriage just lowered from the return 
track stands ready upon the elevator platform, for transfer to the loading 
station No 1. 

Before discussing the major welded subjects of the machine, namely the 
base sections and carnage units, attention is directed to the illustrations 
Figs. 1, 2, 3 and 4 which show these particular parts during the course 
of the machine erection. Fig 7 shows a partial view along one side of the 
machine and displays in particular the welded steel instrument supporting 
columns opposite their respective processing stations as the numerals thereon 
indicate. Various pressure gauges, pump controls, indicating thermom- 
eters, etc. are attached to the inner faces of these columns Fig. 8 is a view 
taken from the foundation pit below the machine in which the numerous 
pumps, supplementary tanks and valves are located. For several processing 
solutions, rubber-lined pipes and valves aie used Others require stainless 
steel and in these cases, many of the fittings, as the flanged tee shown in the 
foreground, were fabricated of hght-welded tubing. All of the high-pressure 
hydraulic system tubing in l-inch and 1%'inch diameter are of the 

batt-welded type. Each machine uses over 4,000-feet of hydraulic tubing. 
Operating pressures range to 1,000-pounds per square inch. The entire 
machine cycle, incidentally, comprising thirteen separate but consecutive 
phases, is entirely automatic and all motions are hydraulically operated, 
receiving pressure from a single pump unit. 

Welded Design Features— Of the various parts of this machine designed 
for welded construction, the base sections and carnage frames are the most 
interesting. Particularly so is the base section. It will be remembered that 
one of the principal objectives in the new design was a maximum degree 
of protection of the machine parts, particularly those surfaces subject to wear 
and hence, incapable of surface protection as by painting. Total enclosure 
of such parts pins adequate lubrication provision is one safe method to 
follow. The first approach toward this end began with the provision of 
b^e platc«4 attached to cither side of each carnage unit. By this means, 
occasional s^plashcs of processing solutions coming from the wash arms or 
catch basins would, at their worst strike the baffle plate and then drip off 
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Fig. 9. Unloading station. 

its lower edge to the basemeat below where no particular harm would ensue. 
Thus, the carriage housing itself is protected as well as the base mechanism. 

It was, furthermore, desired that the mechanical design should permit 
an occasional application of water from a hose directed against the baffle 
plates. This explains the careful provision of oil seals and other baffle 
features. For the various mechanisms involved no construction could afford 
better protection than a box design. This is precisely the form which the 
base sections, as well as the carriage housings, take. An individual base 
section is a box section having machined dimensions of 30dnches x 
inches x 20-'feet long. • In proportion to its somewhat unusual length as a 
machined part and the numerous purposes it serves, the cost of fafocating 
this member was surprisingly low. While being a four^sided box it was 
fabricated of only two plate members, excluding of course, the “'picture-' 
frame” end flanges and two center ribs. These two plate members, ^dneh 
thick as rolled, were bent to form U'shaped channels 32j4'i^^chcs between 
the legs and approximately 14y2''inches deep. The edges were then pre^ 
pared for an abutting V-shaped weld and the two channels then welded 
together to form the box section. The weld thus made occurred along the 
horizontal neutral axis of the section and, since large portions of the vertical 
wails were afterwards cut away to provide the rectangular and circular 
openings shown, welding of the joint through those cutaway areas was not 
required. As a welding project, only the end flanges and center frames 
remained to complete the job. The most exacting phase of the fabrication 
lay in the accurate formation of the channel shapes and a careful welding 
procedure to insure the degree of accuracy required for finishing to the 
given dimensions. To the commercial welding fabricator this subject pre- 
sented no unusual problem and a quantity of 48 base sections was fabri' 
cated and machined without incident* 
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Fig. 10. Carriage unit, original macliine. 


The question of machining these base sections was carefully considei 
On all four sides, numerous machined parts are fastened. If this base w 
a cast part — and it is barely conceivable that a steel casting of sucl 
comparatively light cross section could be made to such a length^ — 
numerous finished surfaces would be formed as raised pads. In this mem 
there are 28 large bored openings and 10 rectangular ones, all of wh 
require machine'finished margins for the sake of accuracy and tightness, 
this case it developed that the preparation of 38 individual pads and tl 
attachment to the main member would be far more costly than to mach 
the four sides as continuous surfaces. These long straight surfaces were 
additional value in the erection of the machine. 

In the case of the carriage frames, advantage was taken of bending wl 
pos-sible, to form the corners. Beyond this, the procedure was one pf straii 
forward welding with only the necessary care to insure the required deg 
of accuracy and squareness to provide the necessary allowances for mad 
ing. As in the case of the base sections, these housings were complel 
stress'rclicvcd before the machining operations. No machining pads for 
bored openings in the sides were necessary since spot facing of a limi 
area around each opening provided sufficient accuracy. . For the 9di 
diameter hole in the underside, a raised pad was welded on to permit us 
a J4'inch plate for the bottom wall. Here, a separate pad was the be- 
design. 

Arc welding was extensively used in the construction of the V-sha 
drip troughs which lie along both sides of the machine. 12 circular ta 
located in the found.ttion pit beneath the machine were of arc wel 
steel construction. The platforms and bases of the hydraulic eleva 
were of welded design. The 5'foot stroke carriage advance cylinders ( 
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per machine) combined a seamless steel tube with cast steel ends and center 

supports by welding. , j i j 

The overhead steel structure for supporting the exhaust ductworx ana 
the carriage return rails was erected with temporary bolts and then neld 
welded in place. 

The distributing tanks on each carriage were formed of H^gauge stain" 
less steel. Each tank is formed with a dished head in one end and a 
removable dished head, for inspection purposes, in the other. T-shaped 
tubular take-off connections* are welded into the tank bottom for connecting 
with the wash arms by rubber tubing. Tank support saddles are of light 
plate and angle construction. See Figs. 5 and 6. 

Comparison of Welded Design Versus Original Design- ^For a compre" 
hcnsive comparison of the subject machine with the original, this is best 
had by dividing the discussion into three phases, viz;. : i • j u 

1) , Actual saving in initial cost for equivalent apparatus fabricated by 
arc welding over that produced by the previous method; 

2) , Actual total annual savings accruing as the result of improvements 
obtained through arc welded construction; 

3) , Improved service life, operation and quality of product resulting, 
from the use of arc welded design. 

In both the original and redesigned machine, the extensive use of stain" 
less steels, special acid-resisting pumps, valves, piping, etc. resulted in a high 
initial investment irrespective of the type of machine construction used. For 
determining the effect of arc welded design on the initial cost according 
to factor No. 1 noted above, a direct comparison will be made between the 
cost of the welded items and the cost of original items directly replaced 
thereby. The figures given are accurate, having been obtained from actual 
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records The welded construction costs have been modified to represent 
those of a single machine pioject since the redesigned subject as described 
was ordered in a quantity of 4 complete machines 

Carnage Units — Original Machine — Figs 10, 11 and 12, 

These units consisted of cast aluminum housings for enclosing the wash 
arm spindle mechanism A steel framework of partially welded angle 
construction was included for suspending the spindle housing from the 
monorail carrier system The figure given is our purchase price of these 
Items only, fully machined and ready for assembly, — 

53 Units @ $347 each $18,391 

Carnage Units — New Machine — ^The following figure is based on the 
welded and machined carnage housing, steel cover plates and baffle plates 
which compare m function with above items This is the purchase price 
for these items, — 

53 Units @ $176 each $9,328. 

Monorail System — Original Machine — That portion of the monorail 
carnage supporting system including its supporting structure and considered 
as directly comparable with the functions of the new design base sections 

as carriage supports is here represented only. $8,740, 

Base Section Members — New Machine — ^The following cost figure rep^ 
resents 12 base sections fabricated and machined. The carnage support rails 
are also included. Inasmuch as these members serve in numerous additional 
capacities, it is considered a fair companson to give this figure so qualified. 


12 — Base section units with rails @ $710. each $8,520. 

Totalling the above gives the following. 

Cost as originally designed $27,131. 

Cost as redesigned for 

Welded Ocnstruction $17,848 

Net difference in favor of 

Welded Construction - $9,283. 


or, an initial saving of 34 percent over the original design. 

In the case of the stainless steel carriage^mounted solution tanks, those 
of the new design incorporated several additional features over the first 
design. In the original case, these tanks were formed as open catch boxes 
for receiving the solutions from overhead delivery pipes. The resulting 
processing pressure was therefore limited to the equivalent head of about 
42dnches which the design provided. In the new machine, the tanks 
were designed to operate as part of a closed system to permit higher 
processing pressures and a proportionate increase in the processing rate. 
Hence, no cost comparison with the previous construction can be fairly made. 

More striking economies appear in the annual repair and maintenance 
records of both the original design and the new machine In determining 
these figures, lubrication expense is not included While probably not all 
of the difference between the following figures can be directly and solely 
attributed to the use of arc welded design as indicated in Factor No, 2, it is a 
definite fact that the new design features permitting the improved economy 
m maintenance resulted directly from the choice of welded construction. 

Re^r and Maiiitetiance Expense of the original machine 
for the first 12 months of operation — ..-....$25,262. 

Rep»ir and Maintenance Expense of the arc welded machine 


for the first 12 months of operation — .... $2,750. 

Net Differoice m Favor of Welded Construction ....................422,512 

or a saving of 89 percent in these charges. 
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Fig. 12. Another view of the carriage units^ original machine. 

In proportion to the total initial cost of either machine which in both 
cases was approximately $250,000, the first repair and maintenance figure is 
better than 10 per cent, a thoroughly prohibitive amount. In the case of 
the new design the repair and maintenance figure is slightly over 1 percent. 

The one most significant fact which stands out above all others is the 
tremendous latitude at once available when the possibilities lying in arc 
welded construction are realized. This project illustrates the point so clearly. 
In either case, the specifications to be met were the same. The drastic differ^ 
ence between the first and second designs is directly traceable to the indi^ 
viduars approach to the problem. The first design was developed by a 
methodical and generally reliable type of individual but who otherwise relied 
almost entirely on precedent, looking forever backward for something done 
before. The second design was approached as just another opportunity for 
further progress and with the serious purpose of investing the company's 
machine dollars in the best form of equipment obtainable. 

In the design of chemical process equipment particularly, the factor 
of service life is most important as well as utmost reliability to insure con'- 
tinuous uninterrupted performance. From the results thus far, the service 
life for the redesigned equipment should be increased many fold over that 
of the previous design. Repair and maintenance beccunes almost a negli- 
gible factor and the operation throughout the life of the equipment, a matter 
of assurance instead of an ever-doubtful one. 



Chapter XXXVI — Welded Lining of Horizontal Processing Tanks 

By W. E. Shefelton 

Production Manager, R. D. Cole Manufacturing Co., l^ewnan, Georgia 



W. E. Shefelton 


Subject Matter: Three large tanks, which were made from flange^ 
quality steel, eight feet in diameter and 30 feet long, were badly 
corroded in a rayon plant. A temporary small slot, three inches 
wide and 50dnches long, was cut in each of the tanks to admit 
the preformed 16'gauge stainless steel sheets. Since the old 
flange steel shell had a different expansion rate than the new 
stainless lining, it was necessary to insert expansion joints in the 
new lining. These joints were small channels bent on a brake 
and later rolled into a hoop to cover the joints between sheets. 
No corrosion has been found after 2'years’ service. This method 
of repair saved $27,934.61 over replacing the corroded tanks 
with clad-metal new tanks. Additional data is given on savings 
in the dyeing vats for textile plants and special tanks for process" 
ing foods. 


This paper deals with the lining of parts of three hori2;ontal processing 
tanks in the rayon industry. The lining being applied only to the part of the 
tanks where corrosion of the tank shell was taking place. 

The tanks, as originally built, were A.S.M.E. pressure vessels, S-'feet 
diameter x SOTeet long, made of VS^inch thick flange-'quality steel. They are 
for the recovery of acetate used in one of the several processes for making 
rayon. Each tank as originally built contained a stainless steel basket for 
holding carbon, together with gutters to catch the condensate from the top 
part of the tank and carry it away without allowing it to pass into the carbon. 
The carbon serving to separate the acetate vapors from other vapors and 
gases. When these tanks were originally built, there was some discussion as 
to whether the flange quality steel would stand the corrosive effect of the 
process. It was decided that the flange quality steel would be satisfactory, so 
the tanks were built as per dotted lines on drawing. The basket, diffuser 
no%le, diffuser and condensate gutters were made of IS-'S-SMO type 316 
stainless steel. 

In a short time after the tanks were put into service, it became evident 
that the acetate vapors were attacking and dissolving the flange quality plate 
above the carbon basket and deposits of the dissolved steel were forming where 
the condensate gutters joined the shell In some places there were pieces 
of this deposit weighing as much as lO^pounds and resembling coral format* 
tions. 

This condition was allowed to exist for a time until , the tanks started 
leaking, and the insurance company insisted that the tanks be repaired or 
replaced to meet their safety requirements. Acetate vapor leaking from 
these vessels might cause a serious explosion. My company’s principd business 
is special steel plate construction and their representatives were called in 
to make rccommcndatio-ns on rebuilding these tanks, if possible, to keep them 
in service and save the expense of removing and replacing them. 

The. writer made a preliminary inspection of these tanks and noted that the 
flange quality plate was badly corroded, but the type 316 stainless steel in the 

122f 
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troughs and carbon baskets had not been affected We recommended lining 
the top part of these tanks where corrosion existed with the same type of 
stainless steel of which the gutters and baskets were made 

The owners considered several propositions, other than lining the tanks 
with stainless alloys, such as using a new rubber product which would with- 
stand the acetate vapors at regular temperature, but which the manufacturer 
would not guarantee at the temperature it was necessary to use in steaming 
out the carbon baskets Another product considered was a synthetic resin 
coating Samples of various materials were tested inside the absorber tanks, 
but were not satisfactory. 

The problem of lining the tanks with stainless steel was to make the lining 
vapor tight and keep the acetate vapors from the flange-quality steel Also, 
withstand the changes in temperature which were necessary in the process 
The process entailed the change from atmospheric temperature to approxi- 
mately 250 degrees several times per day as cycles of the reclaiming process 
were carried out The co-efficiency of expansion on stainless steel being much 
higher than the flange quality steel shell (about twice as great) . 

To take care of the expansion and contraction, it was decided to use some 
type of expansion joint at each seam. A small channel shaped section made 
of 11 -gauge stainless stnps bent on a plate brake was decided upon, (See 
Fig 1, detail "'‘B”) These channels being y 2 'mch deep and iVa^ii^ches wide 
would serve to stiffen the lining, as well as take care of expansion and con- 
traction 

The lining was prepared in the shop, as far as practical Each sheet was 
cut to si 2 ;e and formed to fit the tank at the point it was to be placed Those 
fitting the cylmdneal part of the shell were cut accurately to si2;e, rolled to 
the correct radius and bent where they entered the gutter in a plate brake, 
(detail ‘"H”). The gutters we^e sloped for drainage purposes, to one end 
where the condensate was drawn off. T^is necessitated each plate which fit 
in the cylindrical part of the tank bemg slightly different from any other. 
The 12-gauge stainless sheets which were to line the heads were cut to shape, 
then dished and flanged. The linings for the various openings were prepared 
as shown on the drawing so that they could be installed in the field with a 
minimum of time and expense 

The channels were formed on a plate brake and where they fit on the 
cylindrical shell were curved to the proper radius on a plate roll. 

After shop fabrication of the linings, they together with the necessary 
tools were trucked to the tank site ready for installation. Two 400-amperc 
welding machines and j^dneh rods were used for the welding. The welding 
machines immediately available were over-si 2 ;ed, but worked satisfactonly 
without any resistance being installed in the welding circuit. The machines 
were used with stainless electrodes to do all cutting in the field, such as holes 
for the no 2 ; 2 ;Ies in the Imings and any place where it was necessary to cut the 
linings in the field. 

The granulated carbon in the basket of each tank was valued at ap- 
proximately $10,000. There would be some damage to it from foreign ma- 
terials falling into it, if it were left in the basket while the work was going 
on. Reactivating it was desirable, therefore, this carbon was removed from 
one tank at a time and reactivated while the tank was being lined. As soon 
as No. 1 tank was finished and put mto service, the carkm was removed 
from No. 2 and reactivated and put into service, and then No. 3 tank was 
emptied. By doing this, it was possible to keep the redaiming prcce» in 
operation all the time. 






1228 


STUDIES IN ARC WELDING 


The diffuser nozzle, on each tank was connected to a 24unch stainless steel 
pipe line through a 24unch gate valve This pipe line had been built with 
the tanks in place, and it would have been practically impossible to have set 
a new tank in position and connected without refabricating a part of this 
stainless steel line, which would add to the cost of installing new equipment. 

The inside of each tank was thoroughly cleaned before the lining job 
was started. This cleaning being done with pneumatic hammers and power 
driven wire cup brushes. The diffuser which was made of perforated stainless 
steel sheets was disconnected from the no 2 : 2 ;le and moved about in the tank 
as necessary to keep it out of the way of the workmen 

A slot about Sunches wide and 50unches long was cut in the shell of 
the tank and all stainless sheet materials required for the lining of the job 
were placed inside of the tank through this slot The slot was then closed by 
welding, (See Rg 1 , detail ‘7”) All the pipe connections were opened to 
allow a good circulation of air The workmen entered and left the tank 
through the 1 Bunch manhole on top A Hunch exhaust fan was placed in 
this manhole for forced ventilation at all times when there was any welding 
going on inside the tank Id^gauge stainless steel was selected for the 
mam part of the lining The onginal steel shell was still in good enough 
condition to support this lining at the pressure required to carry on the process. 
Across the ends where the lining could not be as well supported, 12 ^gauge 
stainless sheets were used. The steel tanks varied slightly in dimensions, so it 
was decided to leave approximately y 2 nnch. between all stainless sheets in 
this space to be vaned to suit each tank The 11 "gauge stainless steel channels 
were then placed over these openings 

Work was started on the end of the tank at the diffuser The end rings of 
two 16"gauge sheets were put in place and forced tight against the shell of 
the tank, using circle boards cut to the radius of the tank, with a piece of 
rubber hose on them next to the stainless steel to take care of any irregularities 
in the shell of the tank. These sheets were tacked into position to the original 
shell very lightly. Then the four end pieces were put in position around 
the diffuser nozzle 

In view of the fact that the location of these no 2 ; 2 ;les varied slightly, an 
additional ring of stainless steel was placed around the no 2 : 2 ;lc to save time in 
fitting. The four mam plates being fitted to the head and shell of the tank, 
and the extra ring fitted to the stainless no 2 ; 2 ;le lining and then welded to the 
four main plates. 

Material required for 3 linings, Type 316 Stainless Steel 


21— Sheets, 16 Ga. 49 X 671/2 = 1247# (g) $.5442 = $ 678.62 

24— Sheets, 16 Ga. 49 X 66 = 1419# @ $.5442 — 772.22 

1— Sheets, 16 Ga 31 X 5*2 = 28# @ $66.42 = 18 60 

1— Sheets, 16 Ga. 36 X 62 = 40# @ $66 42 — 26 57 

1— Sheets, 16 Ga. 28 X 68 = 34# @ $65 92 « 22.41 

3— Sheets, 12 Ga. 42 X 61 = 241# @ $.5992 = 144.41 

3— Sheets, 12 Ga. 42 X 92V2 == 363# @ $.5692 « 206.62 

50— Strips, 11 Ga. 2J4 X 96 == 280# @ $ 5942 = 225.80 

Welding Rod 150# @ $1.05 = 157.50 

Boxing Sheets and Stnps by Steel Mill for shipment to us. 35.72 

Trucking tools and lining to job and tools back to plant 40.00 

Net cost of material and freight 328,47 

Profit on material 232.85 

Selling price of material and freight ..*.,..$256L32 
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Shop Fabrication of Linings 


Direct labor $148 55 

Overhead on above 222 83 

Selling price on shop fabricating of linings $ 371.38 


Field Installation of Linings 


124 Hrs foreman $191 00 

480 Hrs mechanic 600 00 

791 00 

Overhead charged on above 566 30 

Selling price field installation $1357.30 

Selling price on linings $4290,00 


Replacing tanks with stainless clad steel, %^Q'Xnch. thick — ^This being the 
minimum thickness which could have been used. Due to size extras, it is more 
economical to use small plates about 5'-feet by 12^feet, than it is to use 


larger plates All stainless material. Type 316. 

37— Plates X 60 X 15'2y2 == 31,000# @ $.3250 = $10,075.00 

12— Plates % X 57 X 114 = 9300# @ $.3050 = 2,836 50 

1150— Sq ft 14^Ga Plate = 4000# (5) $ 654 == 2,616.00 

900 — Sq. ft. Stainless Steel Screen @ $3.00 = 2,700.00 

1200— Lin ft. 2 X J4 Bar 2040# @ $.565 = 1,152.60 

600 — Lbs. Stainless Welding Rods 630.00 

600 — Lbs Electrodes ' 45.00 

Freight to destination 240.00 


$20,295.10 

Profit 2,029.51 


Total selling price material and freight $22,324.61 

Shop fabneation of clad tank and basket, estimated for 3 tanks 
3000 Hrs @ $1.00 = $3000.00 

Overhead on above == $4500 00 $7,500.00 

Field removing old tanks and) 
installing new ones ) $1500.00 

Cutting up old ones for scrap 200.00 
Overhead on above 1200.00 


$2900.00 $2,900.00 

Selling price 3 Stainless Clad Tanks.. ....... $32,724.61 

Estimated selling price of 3 new tanks and baskets of Type ) 

316 stainlcss^lad shell. Solid stainless basket, perforated with) 

2 X 14 reinforcing bars, lined with 20 x 20 mesh stainless screen. ) 

Lm scrap value of original tanks after being cut up for scrap.... 500.00 


$33,224.61 
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Selling price of 3 new tanks, ) 
less scrap value of old tanks) 
Selling price of linings 


.$33,224 61 
4,290 00 


Savings effected by the Rayon Plant in having ) 

the tanks lined instead of replacing them. ) 

The lining cost 13 31% of the cost of the new tanks, 
effecting a saving of 86 69%, over stainless clad tanks 

Tanks of solid stainless would have cost - 

more than the stainless-'clad tanks, due to increased cost of material 

The hning cost 10 40% of solid stainless tanks or saving of 

The cost of material shown for the lining job was taken from our cost 

records and invoiced to customer. i . 4 . ^ 

The estimated cost for the new clad vessels is an authentic estimate. 
j 2 — ^gunch plate for each shell and 4 — ^'inch plates for the 2 heads ine 

37th plate would be for no 2 ;des i j i i 

Without welding, it would have been impossible to have done the lining 
job — in fact, it would be impossible to do the clad job To replace the tanks 
without welding, it would be necessary to use solid stainless or ordinary 
steel. The first would have increased the cost $13,300, and the ordinary steel 
would have to be replaced every year or so 

The linings have now been in service for 2 years and show no sign ot 
failure or corrosion, which is good evidence as to their lasting qualities. 

The company with which I am connected speciah2;cs in steel plate 
fabrication, selling around a million dollars worth of various kinds of con' 
tamers and processing equipment each year. They save on the average or 
15 per cent of the total sales by use of arc welding, making a gross saving 
of $1 50,000 per year Some jobs show a much greater saving than 1 5 per cent. 

In addition to the saving effected by arc welding, we are able to manu' 
facture some products at a cost which permits them to be sold to customers 
at a price they can afford to pay This is especially true where clad metals 
or lining jobs are used in the textile, chemical or food industry. 

Corrosion often can be eliminated so that the life of equipment is matcriiib 
ly lengthened by the use of very thin layers of non'corrosivc materiaL In 
other cases, the picking up of foreign substances from containers or proemmg 
equipment which discolors or causes the chemical or food to lose desired 
characteristics, can be eliminated Up until arc welding became prevalent, 
this was impractical in most cases and impossible in many cases. The public, 
as well as the manufacturer benefits from the use of arc welding by securing 
many products at a lower cost, and also arc welding makes it possible to 
have many products we could not have before, because it has made possible 
the use of many alloys which were not practical to use before 

The writer talked with the superintendent of a rather large mill which had 
installed several Wdred thousand dollars worth of non-corrosive alloy m his 
dye house. The equipment had been m use 3 years. I was assured that this 
equipment had paid for itself in less than the 3 years and was still in ex- 
cellent condition. Before the use of arc welding, it was impossible to use such 
equipment 

The use of non-corrosive alloys in the dye industries has permitted a much 
wider variation m colors than was possible with cast iron and wooden dye 
wts, because the dye does not pick up any foreign materia! from the non- 
corrosive alloys. These foreign materials formerly made it impossible to covor 


, $28,934 61 

.$13,300.00 
. 41,234 61 
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such a wide range of colors, as the foreign material picked up affected the 
color. The ease of cleamng non-corrosive alloy containers between batches 
as compared to the cleaning of corrosive containers in the case of dyeing 
equipment, siang equipment, etc. saves much time in the textile mdustry. 

A part of all savings such as has been listed is passed on to the ultimate 
consumer of the textile goods, and m this way civilization as a whole benefits 
from the use of arc welding. 

Davison’s “Textile Catalogue” lists- 

2435" Cotton Mills, 942 Woolen and Worsted Mills; 153 Carpet and Rug 
Mills, 1101 Rayon and Silk Mills; 2357 Knitting Mills, 130 Commission 
Throwsters, 161 Jute, Lmen, Flax, Sisal and Hemp Mills, 717 Dyers and 
Finishers, 123 Sanforisers 

The above makes a total of 8,119 textile plants in this country. 

On a single job in one of these mills we have shown a net saving of 
$27,934. This is only one job of several we have done for this particular 
company on which we have been able to effect a large savmg. If each of the 
8,119 textile plants save but $2,000 a year, there would be a savmg of $16,- 
238,000 per year to the textile mdustry. 

Our experience indicates that a considerable greater saving than this could 
be effected by the proper use of arc welding The chemical and food in- 
dustries have even greater possibilities of saving than the textile industnes, 
due to the fact that a larger percentage of their processing equipment is subject 
to corrosion. 

By the proper use of Imings, such as desenbed in this paper, it is possible 
in many cases to lengthen the life of equipment from a few months to several 
years, thus saving the owners considerable trouble, as wel} as expense. 

Summary: 

This paper shows a savmg of 86.69% or 

against a clad job 

This paper shows a saving of 89.60% or 

against a solid stainless job, 
which would be the only 
substitute possible, if it 
were not for welding. 

This paper shows a saving by my 

company of 

per year by the use of arc 
welding. 

This paper shows a minimum saving of 


$28,934.61 
$41,234 61 

$150,000.00 

$16,238,000.00 


to the textile and clothing industry by the proper use of arc welding. 

This paper shows that by the proper use of arc welding the service life of 
certain equipment can be increased several fold. That the public as well as 
the manufacturer benefits by the use of arc welding. 



Chapter XXX Vll — ^Arc Welding in Press Machinery 


By Lloyd A. Whittaker 

Chief Engineer, Thomson T^ational Press Co., Fran\lin, Mass. 


Subject Matter: This company had been making their machine 
frame from steel castings and plate with great satisfaction and 
economy. Steel plate priorities made it impossible to continue 
this method of fabrication and patterns were built for a cast 
iron frame. The weight was increased 500'pounds when cast 
iron was substituted and the strength factor is still doubtful in 
one highly stressed section of the frame. Cost was increased 
from $157.62 per welded frame to $214.30 for the cast frame. 
There is no doubt in this company’s mind whether they should 
return to welding when steel is again available. 


A good many months before Pearl Harbor and shortly after this coun- 
try started its national defense effort, machine manufacturers were informed 
that they would have to have priorities to secure the various types and thick- 
nesses of steel which had always been taken more or less for granted. 

The average company didn't take the possibility of rationing too seriously 
nor did we, who, at that time, were making a press to automatically cut, 
crease or emboss boxes, book covers, jig saw pu2;2;les, etc. and for which the 
frame was being fabricated of steel, until it became quite apparent that we 
would not be able to obtain any more of these frames. 

We intended to continue making these presses, if at all possible, since 
we had the feeder mechanism for several on hand and so had no alternative 
but to have pattern and core boxes made to use a frame of cast iron. 



Lloyd A. Whittaker 
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The use of cast iron made it necessaury to make the sections much heavier 
than had been the case of the steel frames and also to rib overhanging sections, 
and because of space limitations it was necessary to redesign the press. 

Curiously enough this procedure was the reverse of the policy which we 
have followed for years inasmuch as cast iron frames had always be^ 
standard with all our machines, and a departure to a steel frame was made 
only when a press had to ba extremely rigid or when weight limitations had 
been specified. 

Figs 1, 2, 3 and 4 show the right hand-side view, left hand-side view, 
front and rear views and plan view, respectively, of the cast iron frame.^ 

A study of these views and also the section view of the head on Fig. 12 
will suffice to realiae that an cxtremply complicated system of conng is neces- 
sary to produce such a casting. , ^ r *. 

Figs. 5, 6, 7 and 8 show views of the same frame, drawn to coniorm to 
the redesign, made of welded steel and are in the order of right-hand side 
view, left-hand side view, front and rear views and plan view, respectively. 

It will be observed on these four drawings that each separate p^'tt of the 
frame has been given a segment number which if shown on more than one 
view is the corresponding part and this numbering of the segments should 

serve to clarify the views. ' , . , i 

Figs. 9, 10, 11 and 12 correspond to the previous four views but are broken 
up to show the individual segments and to show the method of welding and 

also the method of assembly. . 

Segment 1, the head, on Figs. 5 and 9 is a steel casting and is cast closely 
enough to require only torch cutting the radius to which the front and side 
frames arc welded, and also torch cut the bevel for welding. 

Segments 2 and J9, the side frames, are cut to size and shape with the 
holes cut out and the bosses welded into position while the frames are lying 
horizontal before assembly to the head. In this manner, the side frames 
and front and rear segments are marie complete then welded together before 
tihe head is welded on, which is the last operation. , j , 

Fig. 13 is a sheet showing each se^ent in the quantity used, and the 
individual weights and the numbers of the segments will be found to cor- 
respond to dmw of the eight previous figures. 



1234 


STUDIES IN ARC WELDING 




Fig. 3. Front deft) and rear views, cast Iron constnictlon. 


The following tabulations will give the cost of the frame as closely as 
can be estimated, and these figures are based on comparatively recent figures 
of local suppliers of oxygen, acetylne and steel, also leading manufacturers 
of welding rods and equipment. Figures on labor and also electric power costs 
are based on conditions locally. 

Due to the war effort and constantly increasing labor and material costs, 
these figures would not apply at the moment even if we could procure the 
material; however, the costs would increase or decrease proportionately be^ 
tween the cast iron frames and those of welded construction 


Labor $ .75 per hour 

Overhead .75 per hour 

Oxygen $1.40 per 100 cu. ft. 

Acetylene $2.80 per 100 cu. ft. 
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Stock 

Rate of Cutting 
Inches 
per Mm 

Cubic Ft. 
of Acetylene 
per Mm. 

Cubic Ft 
of Oxygen 
per Mm. 

Cost 

per 

Inch 


18 

2 

15 

$0 0028 


16 

21 

18 i 

0034 


15 

.23 

20 

004 


14 

23 I 

23 

0045 


12 

27 1 

33 

0065 


The amount of inches of cutting is computed with the view of using the 
straight outer edges of the hot rolled steel plates as the straight edges of the 
larger segments and also arranging the segments so that one cut will serve 
as the edge of two segments Where segments are, as in case of segment 
4 with dimensions of iy 2 'inches x 2 i/ 2 'i^ches, a bar of steel of those dimen- 
sions IS used and the segments need only be cut to length. In addition, 
the round bosses when of small diameter can most economically be made of 
round stock and cither sawed to length or torch cut. In a case like our own 
where a complete machine shop is available and stock is being sawed off at 
all times, the costs shown here will be by that method. The number of inches 
of cutting and the costs are tabulated as follows 


Stock 

Number of 
Inches 

Cost 
per Inch 

Total 

Cost 

. 

227 

$0 0028 

$0 63 

H" • • 

368 

.0034 

125 

K''.. . ■ - « 

39 

.004 

.16 

1*^ 

40 

0045 

.18 

IK" 

5 

.0065 

03 

Total . . . 





$2.25 


These cutting costs seem extremely low but with comparatively simple 
and inexpensive cutting machines and with templates for irregular shapd 
forms no difficulty will be experienced m cutting these segments and they 
can be turned out very rapidly. 

The total amount of cutting for butt welding, which is used only on both 
inside and outside t)f the head where it is welded to the frame and also one 
side each of front and rear segments where they are welded to the side frames, 
m 269unchcs and is computed at the same cost as cutting the y^'inch thick 

plate. 

The arc welding costs arc taken from The Procedure Handbook of Arc 
Welding Design and Practice’’ and are computed as fillet welds entirely 
since the cost of beveling for the butt welds has already been included, and 
fillet wckls which conipiise most of the welds on this frame arc cheaper, 
faster and easier althougli welded on both sides of the abutting plates. 

As Computed Labor $0.75 per 

Overhead while using equipment.— $0.75 per hour 

The electrode cost is taken as recommended and is for single-fillet welds 
only, and where welding k done on both sides in every case the number of 
tnehtt of welding is figured to do both sides. 





In all cases where V^-inch plate is abutting any other plate, 3 beads are 
used and where plate is abutting other plate, 5 beads are used. 

On %dnch plate or thicker, 6 beads are used although in the case of the 
four feet we could undoubtedly use fewer beads. That, however, is the 
basis for computing these costs although it is normally left more or less to 
the discretion of the welder when the segment is not too important. 

In the case of the %dnch thick bosses there is probably no real necessity 
to use 6 beads to weld them on, however, a much neater appearance is 
obtained by the larger fillets. 

The amount of fillet welding of the various segments is as follows: 


Stock 

' Number of 
Inches 

Cost 
per Inch 

Total 

Costs 


108 

$0.0199 

$ Z15 


542 

.0390 

2114 

^ 

67 

.0501 

336 

Butt w«ki. — ^ 

136 

-0398 

5.41 

Totol 



$32.06 





The number of inches of cutting and welding for a frame of this type is 
extremely small since it can readily be seen from the segment layout on Fig. 
13 that most of the segments are large ones, and for the straight surfaces we 
make rwc of the edges of the stock purchased, thereby saving a very large 
amount of cutting. As may be seen, the only amount of welding around 
the entire base is to attach the foot to each comer. 
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These figures were taken from the original layout which is too large to 
include on this paper 

The steel costs are based on quotations submitted by local supphers when 


steel was available 
Stock thickness 

Vf 

5 / 8 " 



1 " 


11 /" 

Cast Steel 


Cost per 100 lbs. 

$4 07 

4 07 

4 07 

4.07 

4 32 

12 25 


Using these figures as the basis of the stock costs and having computed 
the segment sizes and weights, the data is as follows: 


Stock 


Size of Segment Segment 

Stock Weight, Lbs Cost 



From these figures an accurate cost can be derived and is tabulated as 


follows 

Actual Stock Ck)st $101 09 

Cost of Cutting 2 26 

Cost of Welding 32.07 

Fatigue — 20% of total time '4*20 

Helper @ $0 60 per hour 18.00 


Total cost of Frame $157 62 

Total Weight of Frame Stock 1535# 

Electrode 99.25 

Total Estimated Time 30 hrs. 


We have had one cast iron frame cast to date and the computations for 
the cast will necessarily include the cast of the pattern and core boxes, and 
we have no definite way of determining just how many of these presses wc 
may have occasion to make and it can honestly be said that the present sise 
of the machine does not conform too handily to the needs of the majority 
of plants. In all fairness I will assume that over a period of time wc may 
make ten machines from this pattern and will pro-rate the pattern costs 
in that proportion although there is no guarantee that wc will make that 
many presses. 


The data on the cast iron frame is as follows: 

Weight - .2277 lbs. 

Cost @ $6.75 per 100 lbs $153.70 

10% of pattern cost of $606 < 60.60 


Total cost of frame........ $2 14 JO 
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From the foregoing figures, it may readily be seen that a great saving in 
weight IS achieved by using the welded frame and also from the figures, which 
are as accurate as possible. It will be seen that a saving approximately 26 per 
cent IS reali2;ed by weldmg the frame. While there is a certain degree of 
diiSFerence in the appearance of the two frames, they are both made m ac^ 
cordance with the standard practices. 

The flare around the base of the cast iron frame is for three mam reasons, 
the first of which is possibly appearance, and to conform to a general trend 
in machine design, that is more or less current. Then again, it aids in provid" 
mg additional draft to the pattern for moulding and also allows the weight 
to be spread over a larger area. Obviously, the type of feet used on the 
welded frame could not be used on the casting without a good deal of ribbing 
and even then, with a strong possibility that one of the feet might be broken 
off in handling or erecting on an uneven floor. 

The diference m weight is easily explained by the obvious difference m 
the thicknesses of the sections and the abundant ribbing which is necessary 
to reinforce the cast iron 

In the case of the welded frame it may be observed in Fig, 14 that there 
is normally no particular stress on any welds with the exception of segments 
4 wliich may, provided a die is incorrectly mounted with the load above 
or below center, be subjected to quite a load. However, both sides of seg^ 
ments 4 arc welded to their respective side frames each with total of 57^/4^ 
inches of fillet welding and have proven amply rigid in the past. This point 
on the cast iron frame mcidenully constitutes our main point of worry, for 
as you may sec on Fig. 1, we have allowed ample metal as shown in the 
section view and have also provided three ribs on each side. 

The figures as given are as close as can possibly be computed and I do 
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not believe they have been favored in any way Certainly we are justified 
in allotting a proportional part of the pattern cost to each casting, and since 
we have no fixtures at the moment a much greater allowance in welding time 
was allotted than is actually required A fair estimate of time was included 
to peen the corner welds for squaring up after welding which should tend 
to relieve the stresses that might be set up in welding and eliminate a neces-* 
sity of normalis^ing or heat treating 

The finished surfaces on the welded frame are held to a maximum of 
J4"itich and all of the bosses on the side frames are cut y 4 'mch. thick when 
the finished dimension will be ys-mch and the frame is made closely enough 
so that amount of finish is ample 

On a casting, and particularly on a large complex casting, l/^nnch. or 
inch finish is customary and this can easily be increased by rapping the pattern 
in the mould so this means more planing time, hence, more expense in finish^ 
ing. 

A further saving is realized with the welded frame in painting because 
there is no snagging necessary and the rolled plate, being smooth, docs not 
require several coats of filler with the resultant operation of smoothing as is 
the case with a castitig 

Fig 12 shows the section view through the head of both the cast iron 
and steel frames and attention is called to the oil reservoirs for the mam 
shaft. 

These reservoirs are necessary for the proper lubrication of the mam shaft 
and show bronze bushings pressed into the hole finished in the cast steel head. 
These bushmgs are necessary to provide a good bearing surface since obvi-* 
ously we could not run the steel shaft m the cast steel head without them 
At the same time, the spacing of these bushings provides the oil reservoirs 
and since they and the hole into which they are pressed are machined we 
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Hg. 14. Load diagram. 


can be certain that there will be no chips or core sand which might cause 
excessive wear as has been the case with the cored reservoirs on the iron 
frame 

In addition, since the only wearing part on the press is the main shaft 
hole we are able to install new bushings on the steel frame at such time 
as the press might come back for rebuilding whereas with the cast iron frame 
we would have no alternative but to rcbore the hole to a larger siise and 
make an oversized and mongrel shaft. Therefore this feature, although made 
necessary, is a distinct advantage. 

The difference in weight is also quite important since not only is the 
frame easier to handle throughout our operations here in the plant but also 
the difference of weight of J4'ton will be reflected in cheaper shipping 
costs. Quite often elevator capacities have to be considered and this differ- 
ence in weight could mean that a press might be shipped assembled rather 
than in sections involving an expensive assembly job with inadequate 
handling equipment in some factory outside 

Obviously, we have no alternative but to use cast iron frames for the 
duration and to the best of our engineering sbll they should serve the pur- 
pose satisfactonly, but when the war is over there will be plenty of first-class 
welders available. Steel should, due to the great expansion of facilities to 
make it, be very cheap to purchase and the same will hold true as far as the 
production of oxygen, acetylene and welding rod is concerned. Then, I am 
sure, the advantages in welded construction which have been shown in this 
paper and which have been realized so recently in the construction of tanks, 
planes and guns will be adopted quite generally. 


Chapter XXXVHI— Collating Machine of Improved Design 

By John M. Riordan 

Chief Engineer, BonnarA/awter Fanform Co.. Cleveland, Ohio 



John M. Riordan 


Subject Matter; Heavy-printing'industry machinery is being made 
from tradeddn obsolete equipment and scrap from various places. 
The finished product does not have the fine appearance ot ^ 
show machine but it is substantial, economical and emcient. By 
surveying the old material on hand, good designs can be made 
when it becomes necessary to do so. This company received 
orders for several collators, which are used to gather previously 
printed forms with carbon sheets between each form. War pn** 
orities made it impossible to t^e new materials or to get sub' 
contractors for the large machining work. Therefore, the machine 
had to be designed for available material with large parts already 
machined. The frame and rails were built up from largely'Used 
material by welding short pieces together. Cost of this machine 
was only 78% of the one previously built. Building time was 
reduced 31% and the weight was reduced 68%. 


The text of this paper will deal with ways and means of building machines 
or equipment by the new modern method of arc welding. 

Without efficient arc welding equipment, the cost and means of obtaining 
new equipment for the industries in the so-called ‘‘second line ’ non^defense 
plants are prohibitive, yet these industries are called upon to furnish essential 
products for defense plants and even the government. 

It is true that sometimes priority ratings are furnished with these orders, a 
degree priority for this and a degree priority for that, and a flock of these 
priorities has no value if the material is not in some distributor s stock 
or if the distributor demands a higher degree rating. When this situation 
is added up there is no priority on time, and by checking through the obso^ 
lete equipment, the scrap pile or elsewhere, suitable parts con be found for 
the arc welding of construction. Castings can be welded to castings and 
castings can be welded to steel. 

Of course, this finished product is not the class of equipment that can 
be put in the show window for sale but it is practical, substantial, economical 
and efficient. There is no priority on this method which comes in very 
handy for repairs as well. 

A design in castings is often prohibitive due to the cost of patterns, the 
extreme weight incurred for strengthening and ribbing, and also because of 
the molding, handling and machining time. Often-times the detailed welded 
part cost is less than the pattern would have cost and the molding, handling 
and machining time is saved. 

By applying the science of arc welding in designing machinery and 
equipment, there is less need for investment in expensive machine tools 
and space. This method places the small shop operator in a more inde- 
pendent position whereby he can help himself in times like these. 

Description of Collator and Product — ^This machine is known as a col- 
lator to the printing industry and is used to gather or collate previously 
printed forms in register, with carbon paper placed between each sheet* 
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Fig* 1. The subject of study. 


Before passing under the cutoff knife at the delivery end of collator, each 
sheet of paper has been printed, holes punched along edge and wound up 
as a roll not to exceed 24"inches diameter 20dnches wide. These printed 
rolls are then placed on the collator on their respective shafts at 28dnches 
spacing, the length of collator. The paper is then run over several other 
rolls for the purpose of feeding, guiding and squaring up before going over 
the registering drum which has bullet nose pins at the same spacing as the 
holes in the paper. Each sheet of paper passes over a registering drum; 
between each roll of paper and above the paper roll shafts are eight other 
shafts for the carbon paper rolls. The first sheet of paper to leave the collator 
is the bottom sheet of the snapout form, then a sheet of carbon is fed in and 
passed over the glue wheel, the next sheet of paper, after passing over a 
registering drum, is ran over the same glue pot, but contacts another glue 
wheel so that when these three parts meet over the next registering drum, 
they are glued together by the pressure of a rider wheel above the regis- 
tering dram. 

The other sheets of paper and carbon are glued the same way so that 
they are all glued as one. 

This continuous web is then fed on through to the front of machine 
where the edge with holes is trimmed off and a stroking means is provided to 
cut snapout forms to specified lengths and after packing they are ready to ship. 

This type of collator is considered the most efficient method and the 
results prove the high degree of register maintained. 

Pkttiiing and Erection Procedure — Our company built two collators of 
different designs and after a period of over two years found that one was 
far superior to the other and as the demand grew for this type of ■ work it 
became necessary to build another collator to meet the increased production 
schedule. 

So, on December 22, 1941, an order was 'issued from the front office 
for one ninc^part drum-type collator. ■ 
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The frame of the previously built nine-part drum-type collator was of 
such sme and weight that the work had to be done in a shop equipp^ to 
handle heavy structures The weight of each unit is 3300-pounds and, tnere- 
fore, It was built in three sections to facilitate handling and, owing to the 
design, had to be drilled and bored on a boring mill 

In a short time the writer realized what a big change in conditions a rew 
years can make On our first drum-type collator, the blue pnnts were sOTt 
out to three or four shops for estimates on the various parts and we did the 
assembling at our shop as we are only equipped in the machine shop tor 
repair work But today, it is almost impossible to find a shop that ^11 give 
you an estimate and a delivery date at figures that will meet your budget We 
found out that some of the material was not on the market any more 

Therefore, the machine had to be redesigned for available material, light 
in weight, simple in design so that we could handle and machine the parts 

m our own shop t i. v * f 

After shoppmg and scouting around in our morgue, I got a list ot 

materials and m due time the drawings were finished. 

The new design of the body or frame of the collator had a length of over 
2hfeet which means that the three horisjontal side rails on each side were 
welded together, as this size stock only comes in 12^foot lengths 

After welding, they were cut to 2hfeet, hinch long, keeping the welded 
joints between the spacers and straighteners While the drawing calls fOT 
%-mch thick stock for the side rails, we were compelled to use some y 2 'mch 
and 54-inch th-ck stock with the f^-inch, keeping one side straight so as to 
mamtain the iS-mch final outside width of frame. 

The next operation was to weld the three side plates to the end_ angles, 
properly spaced and squared. Then the vertical spacers were welded in place 
properly spaced and flush VTith the outside, also the %'inch x 1%'inch 
straighteners 

At this point, the two frames were placed together outside to outside, 
squared and matched up, clamped together and doweled, all holes laid out 
and dnlled, reamed or bored on a radial dnll. The frames were then 
separated The lJ4'inch inside diameter bushing hole collars were bored in 
lathe and cut to length. A slip fit shouldered plug was used 2'inches long and 
slipped into hole with collar located and the collar welded to frame, the 
slip plug was then removed and bronze bushings driven mto place. The eight 
steel tubes were then driven into place in one side frame, then the other 
side was pressed over the other end of tubes with the gas pipe spacers in 
place and clamped together. The tubes and pipe spacers were then welded 
to the side plates The frame was then squared up in relation to the holes 
and the two cross braces at the ends welded mto place; the bushing holes were 
then lined reamed. 

The four angular placed foot braces act as supports for the over hang of 
weight. 

This collator has no extreme weight, speed or shock to deal with The 
maximum speed is 150-feet of paper per minute, cut to various lengths. A 
five horsepower slip-ring A. C. motor we had on hand is used for variable 
speed control. 

Cost Comparison — ^The machine which was built by the fabricated arc 
welded method, (See Fig. 1) , cost only 78 per cent as much aa_ the one 
previously made, notwithstanding the fact that labor and material prices 
had substantially increased. Furthermore, the building time was reduced 31 
per cent and the reduction of 68 per cent in the weight of the machine 
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frame enabled us to handle the parts and do the entire job in our own small 
shop, instead of trying to have it done outside on heavier machines which 
were busy on defense products. 

We have learned through about five years experience that the possession 
of an arc welder and the use of it in solving problems not only reduces cost, 
but also uncovers mtethods of obtaining results which would otherwise be im- 
possible. We could not have built this machine under present day condi- 
tions, without our arc welder. It gives us greater security and a feeling that 
we do not have to be victims of adverse circumstances. Where there is a will 
there is a way — by arc welding. 



Chapter XXXIX — Redesigned 40 Millimeter Anti-Aircraft Gun 

Carriage 

By Dr. John L. Miller, 

Chief 'Metallurgist, Cun'Mount Division, ‘The Firestone Tire and Rubber Co,, 

Akron, Ohio 

Subject Matter: Various parts changed from riveted to welded 
design. The chassis and outrigger supports were redesigned 
with high'Strength low-alloy steels and although only 30% more 
weight was added, strength was increased 50%. Cost per chassis 
was $76.80 less than riveted construction. 

The top carriage which carries the gun was redesigned for weld- 
ing with a net saving of 17-pounds as compared with riveted 
construction of equal strength. Appearance was improved and 
cost was reduced $10.37, excluding overhead or profit. The 
axles used in the foreign design were estimated at $110 each 
when made from solid bars by forging. Design, involving tubes 
and cast steel ends joined by welding, saved about $68 per axle. 
A number of other smaller parts were also redesigned to be 
welded. The total saving estimated at $171.43 per carriage. 
While cost is secondary in a military program, the important 
factor here is the increase in production and the improvement 
in the performance of the final product. 

During February, 1941, the Firestone Tire and Rubber Company was 
approached by the commanding officer of the Cleveland ordnance district, 
with a request that this company consider the redesign and manufacture of a 
40 millimeter anti-aircraft gun carriage. This gun carriage was to be made over 
the lines of the Swedish Bofors Automatic Anti-aircraft Cannon. Prior to 
the time of the request, the army ordnance department had made a com- 
plete survey of the manufacturing facilities of plants throughout the United 
States, and at that time, the use of our company’s facilities for the manu- 
facture of defense materiel was volunteered. The survey had shown the 
company to have available a large machine shop, well equipped with modern 
machine tools and skilled personnel. This machine shop had been engaged 
in the manufacture of various types of molds, dies, and machinexy, designed 
and developed by the organi2;ation for its plants located throughout the world. 
Its existence was a deciding factor in the selection of a rubber company for 
the production of an anti-aircraft carriage. 

The civil war in Spain had demonstrated the value of an intermediate 
caliber, automatic cannon for defense of vital supply centers and for defense 
of field troops against operations of low-flying aircraft. During that period, 
the 40 millimeter Bofors gun proved its efficiency and reliability. Since then 
this gun has been widely adopted, particularly by the British and now by the 
American forces. The decision was based on reports from, and persona! 
observations in, combatant countries and as a result of exhaustive tests 
of pilot models at the Aberdeen proving grounds. 

The 40 Millimeter Anti-aircraft Gun and Carriage— The 40 millimeter 
anti-aircraft gun is mounted on a top carriage attached to a cross bed chassis 
having lateral outriggers. This chassis is mounted . on 4 wheels equipped 
with 6 X 20 transport tires having bullet resisting tubes, all wheels hawng 
electric brakes. The carriage wheel basis is 126-inchea. The gun may be 
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Fig. 1. A panoramic view of a section of the assembly floor showing a number of 
completed gun carriages ready for installation of gun breech and tube. 

elevated from minus S-'degrees to plus PO-degrees or through a 95'degree 
arc, and may be traversed SdO-'degrees. The projectile has a weight of approxh 
mately 2.2''pounds and leaves the mu 2 ; 2 ;le at a velocity of 2,850''feet per second. 
Shots may be fired at the rate of 120T40 per minute, usually in bursts of 
4''6 shells. In view of its rapid maneuverability, the gun is adapted particm 
larly to use against low'-flying aircraft, including dive bombers. It has a 
maximum horizontal range of approximately 11,000'yards and a maximum 
vertical range of approximately 5,400''yards. The effective range is 2,500- 
yards horizontal or vertical. During firing, the gun carriage is supported at 
four points by jacks having large diameter foot plates and additionally secured 
by four stakes driven into the ground, guided by brackets attached to the 
chassis. The front and rear wheels are retracted during firing in order to 
eliminate vibration which would occur if the recoil energy were transmitted 
to the ground through the rubber tires. This retraction is accomplished by 
the equilibrating action of strong springs housed within the box girder of 
the chassis frame. The electrical wiring for the brakes, the front and rear 
lights, and the wiring which conveys current to the motors which operate 
the oil gears, also are housed within this box girder. This is an additional 
advantage of the box-type construction. Calculation and experience have 
shown that the box type of construction results in the strongest possible 
frame for a gun carriage of this type. The gun breech and tube are manm 
factured by another corpt^ration and forwarded to our plant for assembly 
on the gun carriage. The total weight of the complete gun and gun carriage 
is approximately ^OOO-pounds. 

The Redesign Period— An important mount was made available for our 
study. Such drawings as were furnished showed dimeiissions in the metric 
system and employed metric or first angle projections. It was required to 
transpose all these drawings to accord with United States Ordnance Stand- 
ards, this involving the redrawing, and in many instances the redesigning, 
of approximately 1,400 separate drawings and the introduction of 460 United 
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States Government standard data sheets for parts such as nuts, bolts, ^rews, 
and washers Another extremely important transposition involved changes 
of all materials used in fabrication so as to make them available within the 
United States A complicating restriction imposed was the necessity for 
selection of materials adequate for the intended service but containing a 
minimum of alloying elements which are particularly strategic To illustrate 
this, the English had made a large number of parts using steel containing 
appreciable quantities of nickel The material changes made almost com^ 
pletely eliminated nickel containing steels In most cases these material 
changes were accomplished without reduction of the unit area physical 
properties by taking full advantage of processing and heat treating methods 
proven by modern metallurgy. A. total of 1,485 individual parts are required 

for the gun carriage. ' 

Dunng this period, many design changes were proposed, and approved 
by the United States ordnance department Important design changes which 
are saving millions of dollars in machme tools and m man hours of labor 
are the employment of welded construction, the use of a single ball thrust 
bearing instead of a double constructed ball thrust bearing for the traversing 
gear, the elimination of thrust bearings in the elevating gears, the use of anti- 
faction bearings made from powdered and sintered metals instead of solid 
bronzes, a tubular welded axle construction instead of a forged axle, a change 
in the method of mounting the gun trunnions on the top carriage, the employ- 
ment of rubber bumpers instead of a steel spring within the draft connector and 
the use of four wheel electnc brakes instead of two wheel hydraulic brak^. Of 
these the most important change was the use of welded instead of riveted 
construction The ordnance designers had suggested that we investigate the 
possibihty of welded construction for the chassis and top carriage. Welded 
designs for these parts were developed by Firestone, assisted by sub-contractor 
engineers, and the use of welding extended to include many other compo- 
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Fig. 3. A 40 millimeter Ml anti-aircraft gun in traveling position. 
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Fig, 7. A close-up view of the riveted chassis sent from England as a model for con- 
struction of the 40 millimeter Ml anti-aircraft gun carriage. Notice the riveted construction 

used throughout. 


nents. This redesign was all the more remarkable in that it had to he 
conducted simultaneously with the transformation from the metric to the 
American system and with the change from foreign to American materials, 
with a minimum of time lost in getting into production. The weldability of 
each material forming part of a welded assembly was carefully considered 
and chemical analyses controlled to give the best welding characteristics con^ 
sistent with the designing engineers' strength requirements. To insure relief 
of local locked-up stresses occurring during welding and during cooling from 
welding temperatures, it was decided advisable to stress relieve all important 
weldments. Therefore, the minimum design strength of each welded material 
was determined in terms of its room temperature strength after exposure to 
a temperature of llS'O-'degrees F. for a minimum period of one hour. 
Welding engineers and metallurgists will be interested in studying the chemi-* 
cal analyses and physical property data to be given later for a complete 
appreciation of how this was accomplished. The extensive use of the new 
low alloy, high strength steels is noteworthy. 

In order to meet the strength requirements of the army ordnance dc" 
partment—these being much more rigid than those applied to foreign designs 
— the plates used in the construction of the entire gun carriage were made 
50"percent thicker. As the drawings for the redesigned gun carriage were 
completed, they were immediately used for the construction of parts for two 
experimental models. By adopting such a procedure, it was possible to have 
these models ready very soon after the last of the drawings had been made. 
These pilot models were completed in June, 1941, and sent to the Aberdeen 
proving grounds for testing. Gun breeches and tubes were obtained from a 
Canadian source and exhaustive roadability and firing tests conducted. These 
Aberdeen tests proved the general excellence . of the redesigned welded 
carriage, although slight increases in the sectional thickness of a few parts 
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subsequently were made, an additional strengthening member at the froiu 
of the carnage was added, and the draft connector was made longer ana 
heavier. Tins redesigned and improved carnage is now able to travel at the 
highest speed of which the prime mover is capable, and, ^thm one minute, 
be placed m finng position with complete assurance that nnng accuracy has 
not beem impaired. This required firing accuracy is dependent as much upon 
the strength and precision built into the carriage as into the manufacture or 
the breech and the tube, because the elevatmg and traversing mechanisms 
form part of the carnage, and these must be manufactured to extremely close 
dimensional tolerances. Any lack of gun carriage ngidity dunng travel or 
during actual firing would be translated to these mechanisms, causing over^ 
stressing with consequent distortion This carnage is, then, not only a means 
of conveyance for the gun, but an integral part of the operation of the gun 
itself 
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125'6 studies IN ARC WELDING 

Cost figures for the Bofors gun or for the English modification were 
not available. Because of different wage standards, such cost figures 
have been of little value even if available. During the redesign period, dc' 
tailed estimates of the expected costs of riveted and welded constructions 
were developed. These estimates indicated that a welded construction would 
save considerable money and labor, and the employment of welding jigs and 
fixtures made the welded construction more advantageous for quantity pro- 
duction, with a minimum of delay. The design of carriage details is not static 
and in a minor way is changing from day to day, simpHfications being intro- 
duced which result in increased production at less cost. Whatever the de- 
sign change may be, it is necessary that each important part of sub-assembly 
be made interchangeable with foreign models and with carriages produced 
during other stages of our manufacture. This is such an important con- 
sideration that many desired changes must be sacrificed. 

Organization — In order to accelerate production on this contract, a 
separate group of buildings and a personnel distinct from that of the parent 
company were established. Executive, designing, purchasing, planning, 
materials, metallurgical, machining, assembling, and accounting departments 
were formed. Close cooperation between each department was essential 
and each was placed as close to the other as space limitations permitted. 

In view of the magnitude of the undertaking, the comparatively short 
time available in wlfich to get this new undertaking into production, and 
the desire to make use of the facilities of companies adversely affected by 
the war industries program, a large number of firms were engaged to supply 
many of the sub-assemblies. Companies capable of producing certain of the 
sub-assemblies were asked to quote on a firm price basis. The capacity of 
each sub-contractor to produce parts is closely weighed in terms of the 
number required to insure a constant flow so that continued assembly is not 
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ment of welded construction on the main body of the chassis. 

interrupted. Since initial contracts for some of the sub'-assemblies were 
placed, it has been necessary, because of production requirements, to let other 
contracts for the same parts, and today as many as four different firms are 
fabricating the same sub-assembly In view of this, actual costs of fabrication 
necessarily vary from plant to plant Another factor complicating the estab' 
lishment of exact cost figures is the continually accelerating program arising 
from the national emergency. At the time when the first contract was signed. 
It was decided to establish production on a conservatively low basis. Since 
that time, the requirements for our company have steadily increased and now 
exceed by many times the original number 

Although the resources of a large number of sub^contractors are being 
used, all drawings and material specifications and fabrication directions 
emanate from the prime contractor and for this reason all methods employed 
arc essentially the same for identical parts Facilities for the manufacture 
of this piece of ordnance materiel are being tremendously expanded within 
our organuation, but the requirements of the War Department for this 
effective piece of equipment have increased to such an extent that two addi^ 
tional prime contracts have been placed Designs and drawings developed 
at Firestone arc being used by these other two prime contractors. 

To indicate the present magnitude of the production schedule, there is 
shown in Fig 1 a view of a section of the assembly floor which contains a 
large number of carriages complete and ready for the mounting of the 
breech, gun barrel or tube, and automatic control equipment. In Fig, 2 is 
shown another section of the assembly floor which contains a number of 
carnages in process of assembly and in the far background a number of 
completed units, ready for shipment. Fig 2 shows a view of a completed gun 
as it 18 positioned during travel In Fig. 4 the gun is shown in finng position 
with the wheels retracted and the entire gun carriage supported and leveled 
by the four jacks. A close-up view of a gun carriage ready for installation of 
the breech, tube and automatic control instruments Is presented in Fig. 5. 

Welded vs. Riveted Contraction — ^The entire frame structures of the 
original Bofors gun and of the English adaptation of it were riveted. This 
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included as major items the chassis, the top carnage, and the elevating gear 
segment. Over 1,000 nvets were required to complete these assemblies. 

This discussion is devoted to the advantages of welded design in compan- 
son with the nveted construction employed by foreign manufacturers. In 
view of the necessity for obtaining greater strength for better roadability^ the 
American carnage is, therefore, necessarily heavier than the Iraglish or 
Bofors constructions In order to obtain a comparable picture of the we^ht 
advantages accruing as a result of the employment of welded rather j^han 
nveted construction, the data as presented will show the actual weight of the 
Amencan model sub-assembly, the weight of the corresponding English 
riveted sub'-assembly, and finally what this weight would be if nveted con" 
struction were used and if the section thicknesses were the same as employed 
in the Amencan model 

The Carriage Chassis — At present, three sub"contractors are engaged m 
the manufacture of the chassis Each contractor for each welded sub-assembly 
IS required to tram welders so that they may be able to qualify in accordance 
with the requirements of Federal Specifications WXS-31, Welding of Steel, 
Arc, General Specifications For”, and AXS-476, Radiographic Inspection 
of Welds”. To qualify for welding, each welder is required to make butt and 
fillet type test plates If the surface appearance is judged satisfactory, these 
test plates are then X-rayed m accordance with government specification re- 
quirements and, if acceptable, the test plates are then stress relieved in a 
manner identical with the method employed m the treatment of the sub- 
assemblies on which the welder is expected to work. Three tensile test 
and three bend test specimens are then machined from the stress relieved 
plates and tested to determine if the weld metal satisfies the specification 
requirements for the materials bemg joined These tests are conducted under 
the supervision of government mspectors of the Ordnance District in whose 
terntory the welder is to work. At least one month of actual welding under 
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the direction of a competent supervisor is required to tram an inexperienced 
welder so that he is able to meet government specifications 

As indicated in Figs 6 and 10, this chassis is of the box-'girder type, having 
two outriggers The steel used in the chassis construction is of the low alloy 
high strength type, supplied under Federal Specification 57"! 1 4"!, Class B, 
Grade 2 This specification limits the chemical analysis to a maximum carbon 
content of 0 25 percent, leaving additions of other elements unrestricted^ It 
imposes a physical property limitation of 50,000^pounds per square inch 
minimum yield strength, 95,000-pounds per square inch maximum tensile 
strength and 20 percent in two inches minimum elongation The material 
actually used conforms to the following appioximate chemical composition 

Carbon 10-20 percent Zirconium 10-20 percent 

Manganese 50- 70 percent Sulphur 04 percent max 

Silicon 60-.90 percent Phosphorus 04 percent max 

Chromium 50-65 percent 

The plates forming the box sections are %0-inch in thickness and the 
plates forming the tub or central section are ^^-inch and %6-inch in thick- 
ness All of the sub-assemblies are positioned for welding, the fixtures re- 
quired usually being manufactured in the plants of the sub-contractors^ Plain 
carbon steel, covered electrodes, diameter are used. Experiments 

had indicated that the use of an alloy electrode was not required to obtain 
strength equal or superior to the strength requirements for the rolled, forged 
or cast sections being joined No special preparation of the joints is necessary 
and a low carbon steel backing-up strip is employed 66-pounds of 
% 2 "Inch diameter electrodes are required for the complete welding of the 
chassis. In Table 1 are shown typical physical properties secured on experi- 
mental test plates, which had been stress relieved at a temperature of 1150- 
degrees F Included in this table is a typical weld metal chemical analysis 
as obtained from single bead welds made on %0-inch thick butt welds 


Table 1— Physical and Chemical Property Values— Experimental Plain 
Carbon Steel Welds on Low Alloy, High Stren^h Steel 


Yield Strength 
Lbs. per Sq, In. 

Tensile Strength 
Lbs. per Sq In. 

Elongation % 
Free Bend Test 

Average Chemical 

Analysis 

60,960 

84,020 

38 0 

Carbon 0.15 percent 

59,590 

79,540 

56 0 


55.580 

78,900 

42 0 

Manganese 0.53 percent 

58,160 

77.790 

46 0 


59,910 

76,930 

44 2 

Silicon 0.43 percent 

54,440 

80,100 

54.0 


57»OCK3 

79,030 

45.2 

Chromium 0.51 percent 

57»440 

78,860 i 

48,0 


53.570 - 

77,620 1 

62 0 

Nitrogen 0 015 percent 

59,050 

77,850 

39 5 



Fig. 7 is a photographic view of the riveted cx^nstruction employed in the 
manufacture of the foreign models. These riveted features arc also made 
apparent in the line 'drawings shown in Figs. 8 and 9. Fig. 1 0 illustrates the 
corresponding welded construction now being used and m Figs. 1 1 and 1 2 
ate presented line drawings indicating the locations and genoM features of 
the welded construction oemg employed The welding methods used m 
attaching brackets, stake supports, outrigger locks, and other parts to the 
chassis fame, should be compared with the procedure employed In fasten- 
ing corresponding parts on toe foreign model. Detail photographic views 
which clearly portray these differences in construction are shown m Figs. 
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Fig. 13, (left). A close-up view of the tub or central section of the riveted carriage sub- 
mitted as a model. Note that a slight amount of welding has been used. Fig. 14, (right). 

A close-up view of the drum or central section of the welded chassis. 

13 through 26 inclusive. Figs. 13 and 14 contrast the designs employed in 
fabrication of the drum or central section of the chassis. Figs. 15 and 16 
contrast the designs employed in forming the bottom section of the drum or 
central section. The foreign design does not completely cover the bottom of 
the tub. Obviously this would be impossible because of the necessity for 
getting on the inside to rivet. It will be noted that a double plate is required 
to secure the needed strength. The welded design consists of a single plate 
which completely cqvers the tub bottom, thus adding needed strength with- 
out the necessity of having an additional plate. Figs. 17 and 18 are respectively 
a photograph and a line drawing of the construction employed at the front 
or swivel end of the foreign model. Aside from the riveted construction, a 
needlessly expensive method of securing the bearing surface for the axle 
tube was used. The redesigned model employs powdered and sintered metal 
anti-friction bearings for the axle tube. The redesigned front end is indi- 
cated in the photograph, Fig. 19, and in the line drawing of Fig. 20. The 
.simplified lines and the increased rigidity made possible by the use of arc 
welding is apparent. 

Rigidity Tests — Exhaustive deflection tests to determine rigidity of the 
chassis in comparison with the imported model were made to check the rede- 
sign calculations and the unit strength of the metals and welds in the new 
chassis. One such test will be described: 

Two chassis, one the English riveted model, and the other our welded 



Ig. IS, A bo'ttoni view ibowing tb# rlveteri constmcboia #mploy®di la maMag Iba 
ima* m ^atrai itacrioa oi th® toaiga modal Fig. 16, (right). A bottom ihowlag 
13m woWoii comitmclioa asori la tb# fabricatioo ol th« woldod tab. . 




SECTION IX— MACHINERY 


1261 



Fig. 17. A close-up view of the riyeled design used at the front or swivel end of the 

foreign modeL 

chassis, were placed on a level concrete floor m a position as indicated in Fig 
6 Six dial indicators graduated in thousandths of an inch then were mounted 
on separate supports under the central or tub section and positioned in a 
circle at dO-degree intervals A 3,000'pound weight, which was a static 
overload of 7 5 ^percent, was placed on top of the central or tub section and 
the deflection noted on each of the six dial indicators. This test was repeated 
several times with the following average results. 

Riveted Chassis — 0 079''inch deflection 
Welded Chassis — O.OS'hmch deflection 
The difference of 0 028^inch in favor of the welded chassis corresponds to 
.028/.051 X 100 equals 5 5 ^percent greater strength for the welded chassis. 
Both chassis returned to their original positions when the loads were removed, 
indicating that the stress was completely elastic and that the load was not 
sufficient to produce plastic or permanent deformation. Other similar deflec- 
tion tests on the front, rear, left and right ends gave corresponding results, 
all of which were later confirmed by road tests at the Aberdeen proving 
grounds. 

The weight of the riveted chassis is 824-pounds and the weight of our 
welded chassis without the steenng support is 1,071 -pounds. The weight 
difference of 247-pounds combined with the welded design has produced 
this 55-percent strength increase. The increase in strength resulting from 
the use of welded construction is therefore 2 5 -percent, calculated as follows: 
1,071 — 824 = 247-pounds additional weight. 

247 

« %0% additional strength resulting from increase in amount of metal 
used. 

55 % . — 30% ass 25% addttioml strength resulting from the welded design. 
This additional strength is due to the fact that the welded chassis functions 
as an integral unit under stress. The nose piece, shown m Figs. 19 and 20, 
adds greatly to the strength of the front end of the carriage as it forms a 
rigid support for the steering mechanism. This addition, which greatly im- 
proves the road performance of the American redesigned model, is not 
present on the foreign model 
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Material Used — In order to insure weldability of all brackets, supports 
and locks which are attached to the chassis, the chemical analysis of each part 
was closely controlled and the specifications for physical properties were 
established with these chemical limitations in mind. In Table 2A are shown 
the physical property requirements for the chassis parts and in Table 2B, the 
chemical analyses of the materials used 


Table 2A — Physical Properties of Parts Used in the Chassis 


Part Name 

Material 

Yield 
Strength 
Lbs. per 
Sq. In, 

Tensile 
Strength 
Lbs per 

Sq In. 

Elongation 
in 2 In. 
Percent. 

Reduction 
of Area 
Percent 

Spbne Shaft 

WD 1035 

65.000 

81,000 1 

16 



WD X4130 
Low Alloy 
High Str. Stl 

75.000 

50.000 

100,000 

95,000 

20 


Plate Top 

20 


Jack Tube . - 

WD 1020 

53,000 

64,000 

23 

.. 

Backing Strip — 

WD X1020 

40,000 

60,000 

20 

40 

Jack Tube Plate 

WD X1020 

40,000 

60,000 

20 

40 

Rxb Support. 

Low Alloy 
High Str Stl 

50,000 

95,000 

20 



Side Plates 

Low Alloy 
High Str StL 

50,000 

95,000 

20 



Stake Brkt. Guide 

Steel Casting 

53,000 

85,000 

22 

1 35 

Eccentric Boss - .. 

WD X1020 

40.000 

60,000 

20 

1 40 

End Plate. 

i 

Low Alloy 
High Str Stl 

50,000 

95,000 

20 



Eccentric Bracket 

Low Alloy 
High Str Stl 

50,000 

95,000 

20 


Bottom Plate 

i 

Low Alloy 
High Str Stl 

50,000 

95,000 

20 



Cap Reinforcing Block 

WD 1035 

40,000 

70,000 

20 

40 

Stake Tip 

WD 1035 

40,000 

70,000 

20 

40 


Table 2B — Chemical Analyses of Materials Used for Parts of Chassis 


Material 

C 


P Max : 

S Max. 

Cr 

Other 

Eicments 

WD 1035 

.30-40 

60- .90 

.045 

055 



WD X4130 

Low Alloy, High 

,25- 35 

.40- .60 

040 

.050 

.80-1 10 

Mo .15-25 
& .60-.90 

Strength Steel 

10-.20 

50- .70 

.040 

040 

.50- .65 

Zr. .10-.20 

WD 1020 : 

15- 25 

.30- .60 

045 

.055 

...» ... 


WD X1020. . ....... j 

15-25 

,70-100 

.045 1 

055 

...... 

, 

Steel Casting 1 

.30 max 

1 10 max 

050 i 

i 

065 

. 

Mo. .40-,65 
Si. .55 


All of the welds shown in the illustrations and drawings arc single be«id, 
plam carbon steel, covered electrode, metallic arc deposits. For the frame 
proper, a low carbon steel backing^up strip is employed with little scarfing cm 
other preparation of the welded pint required. Pickup of alloying elements 
from the alloy plate during welding assures weld metal physical propcrtici 
comparable with the values characteristic of the plate material Cncck tests 
give results similar to those shown m Table 1. 

Cost Data — Comparable total labor costs for riveted and for welded edn*- 
structions were developed for the chassis. The estimates indicated that 282 
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Fig 20. tine drawing indicating the general leahire* of Ihe welded swivel w front <xod 
sub-assembly. In addition to increased strength, the appearance is much improved. 

man hours of labor would be required for riveted construction and only 
man hours of labor for welded construction A charge of $.004 per pound of 
metal for stress relieving was applied against the welded construction tM.u 
labor charge In these preliminary estimates, assumption was mtidc that 
the material costs would be about the same and no eflFort to develop relative 
costs in terms of material differences was made. Based on an hourly rate of 
$1 20, this preliminary estimate mdicated that a saving of $76.80 per chawis 
could be effected if welded construction were adopted Actual costs of welded 
construction reported durmg May, 1942, are as shown in Table 3 in compari' 
son with the estimated weldmg costs 


Table 3 



Estimated Cost 




$16731 

labor Involved in Weldmg. — 

$ mM 

74.80* 

Total Labor. - — 

2<5L60 

258.20 

Stress Relieving Cost. - * I 


5.91 

Total Cost..,.........— — — . - — *•.« — .... — *— « 

433.25 

4C^.42 

(This does not include overhead or any profit) : 



*The actual weldmg time exceeded the estimate because of repairs made 
necessary by cntical ordnance inspection. 
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Fig. 2L (left). A view of a portion of one of the outriggers at the location of the swivel. 
This swivel Is used so thot the outrigger may be folded into the main body of the chassis 
during .travel. Note in this view that the handle lock is riveted on as is the stake bracket 
Fig. 22m (right). A view of the welded construction used for the American made outrigger. 

Note that the handle lock and stoke bracket are also welded. 

Top Carriage — ^After the advantages of the welded construction applied 
to the chassis had been developed, a study applied to the top carriage indi- 
cated that a welded design would be both cheaper and stronger. The rede- 
signed top carriage weighs 300-pounds in comparison with a weight of 264- 
pounds for the foreign model of riveted construction and a calculated weight 
of 317-pounds if riveted and of equivalent thickness. This top carriage is 
made by attaching the uprights to the turntable which is fabricated by the 
employment of pressed and formed parts welded together. These parts are 
formed from the same quality steel used in the plate construction of the 
chassis. The high strength, low alloy steel plates forming the upright box 
section are punched, placed in welding jigs, and edge and slot welded to- 
gether. In Fig. 27 is shown a photograph and in Fig. 29 a line drawing indi- 
cating the general design features employed in the fabrication of the foreign 
model top carriage. Comparable views for the weldment are presented iri 
Figs. 28 and 30. Close-up views of the two different types of top carriages 
are shown in Figs. 31 and 32. The different angle of mounting and the 
different bearing construction employed for the breech connection are ap- 
parent as are the slot type welds used in joining the side plates to the 



IRg. 23, dtft). A vi®w of tb# mm eud of tbo tivel«di cbossi*. Nolii tliat' fbo stake guidos, 
iie beofiug supports «»d olber parts tm 'attached by riveUug, Rg, 24, (right). A view 
ol .to rear ead of the welded ehasste* 'The bearing's are of th^e pow'dered metal anti- 
Idcicm type, which hove recently gcdned favor la this country. 




1266 


STUDIES IN ARC ITELDING 


internal stiffeners The physical properties and chemical analyses of the 
steels used in the fabrication of the top carnage are presented in Tables 
4A and 4B. 


Table 4A— Physical Properties of Parts Used in the Top Carriage 


Part Name 

Material 

Yield 
Strength 
Lbs per 

Sq In. 

Tensile 1 
Strength 
Lbs per 

Sq In 

Elongation | 
in 2 In 
Percent 

Reduction 
of Area 
Percenc 

Turntable 

Low Alloy 
High Str Stl 

50,000 

95,000 

20 

- 

Side Plates 

Low Alloy 
High Str Stl 

50,000 

95,000 

20 

* ' ” 

Base Bearing 

WD 1020 

40,000 

60,000 

20 

to 

Brackets 

WD 1020 

40,000 

60,000 

20 

40 

Spacers 

WD 1020 

40,000 

60,000 

20 

40 

Bearing 

WD 1020 

40,000 

60,000 

20 

40 

Boss 

WD 1020 

40,000 

60,000 

20 

40 

Clip 

Low Alloy 
High Str Stl 

50,000 

95,000 

20 

- 

Bushing 

WD 1035 

65,000 

81,000 

16 

- 

Spacers — . 

Low Alloy 
High Str Stl. 

50,000 

95,000 

20 


Body Tube 

Low Alloy 
High Str Stl 

50,000 

95,000 

20 

1 40 

Stop ' 

WD 1020 

40,000 

60,000 

20 


Table 4B — Chemical Analyses of Materials Used for Parts of the lop 

Carriage 


Material 

c. 

Mn. 

P Max 

S Max 

Or 

Other 

Elements 

Low Alloy, High 
Strength Steel 

10- 20 

50-70 

.040 

.040 

.50^65 

Si. 60%90 
Zr. .10- 20 

WD 1020 

15-25 

30-60 

.045 

.055 



WD 1033 

30-40 

60-90 

.045 

,055 




The preliminary estimated cost comparison for the riveted top carriage 
and actual costs for the welded one arc shown in Tabic 5. A detail of the 
estimated cost of riveting m companson with the actual cost of welding is 
given m Table 6 . The information given m this table typifies the procedure 
followed m the studying of all the weld redesigned parts* 


Table 5 — ^Material and Labor Costs for Fabrication of Top Carriage 


Part Name 

Riveted Construction 
Estimated Costs 

Welded Construction 

Actual Cost! 

Material 

Labor 

Total 

Material 

Labjr 

Toul 

Turntahift 

$55.00 

998 

$6,94 

$6194 

$47 00 

$6.94 

6.45 

$53.94 

Side Frame Parts 

8.72 

18.70 

10.20 

1665 

Side Frame Parts. — 

997 

8 76 

1914 

10.19 

6.49 

16.68 

Side Frame Assembly l 

39 

334 

373 

,22 

333 

3J5 

Side Frame.. — 

.39 

334 

3.73 

•22 

333 

5.75 

Top Carnage Assembly ~ 

.64 

1.44 

2,08 

*45 

6 39 

6J4 

Top Carnage Machining 
Body Tube Assembly ... . 

.38 

14.94 

1532 

38 

14.94 

1532 

212 , 

3.48 

5.60 

2.12 

3.48 

%m 

Totals , ...... ... 



$129.83 



$12231 
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Fig. 25, (left). A view of the extreme end of one of the outriggers of the riveted model. 
Fig. 26, (right). A view of one of the outriggers of the welded chassis. 


Table 6 — Detail of Costs on Top Carriage — Riveted vs. Welded Construction 


Part Description 

Riveted Construction 
Estimated Costs 

Welded Construction 
Actual Costs 

Material 

A 

Labor 

B 

Material 

c 

Labor 

D 

Turntable, cast or forged base. Welded base.... 
Side Frame Fart-« , , 

$55.00 

.46 

$6.94 
.76 1 

$47.00 

.46 

$6.94 

.62 

B requires 7 drilled holes for rivets. 

Side Plate — 2 required............. 

4.28 

./V j 

3.20 I 

4.28 

3.20 

B require^ 43 more holes than D but no 
additional piercing charge is warranted. 

SpaC^, , T ■■■, r- - , - ,-■■■- 

.40 

1 

1 

.30 

i 

i 

.27 

.08 

* Additional flange required for A to permit 
riveting. B is ^eatcr than D as 44 rivet 
holes must be. p'ierced. 

Bearing 

2.32 

.68 

2.32 

.60 

B requires four pierced holes for riveting. 
Bracket--, ..... 

1.23 

.53 

1.24 

.51 

B requires one added hole driEed. 

Mounting Bracket, 

.16 

.38 

L16 

.36 

B requires one added ho.Ie drilied. 

Bitahltig ,, , - , - 

.17 

‘ .28 

.17 

.28 ' 


.14 

.28 

.07 

.16 

Additional flange required for A to permit 
riveting. B requires 24 holes for riveting. 

, ■■■■ , 

.14 

.27 

.07 

. .16 

Additional flange required for A to permit 
riveting. B requires 22 holes for riveting. 

«« g 

.68 

2.04 

■■■ .16 ■■ 

.48 

Eiveting requues 68 tubular spacers. 

Totak........................... — ................ 

$64.98 

$15.66 

$57.20 

$13.59 
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Table 6 (Cont’d) — Detail of Costs on Top Carriage — Riveted vs. 
Welded Construction 



Riveted Construction 

Welded Construction 


Estimated Costs 

Actual Costs 

Part Description 










Material 

Labor 

Material 

Labor 


A 

B 

C 

D 

Side Frame Parts 

$ 9 98 

$ 8 72 

$10 20 

$ 645 

Same as above plus parts listed below 





Boss 

01 

06 

01 

06 

Bearing 

09 

08 1 

09 

08 

Clip — 2 required 

04 

16 

04 

36 

Plate. 

01 

12 

01 

12 

Less Bracket 

- 16 

- 38 

16 

-.38 

Totals. 

$ 9 97 

$ 8 76 

$1019 

$ 6 49 

Side Frame Assembly 





1. Weld complete (l}4\hs) 

• ? 39 

$ 2.72 

$ .22 

$ 2 91 

Rivet complete (68 rivets) 





2. Other identical operations ... ... 



62 



.62 

Totals 

$ 39 

$ 3 34 

$ 22 

$ 3 53 

Side Frame Assembly 





1. Weld complete (2^ lbs ) 

$ 39 

$ 2 72 

$ 22 

$ 2 91 

Rivet complete (68 rivets) 





2, Other identical operations 


62 


1 . ^ _ ... 






Totals 

$ 39 

$ 3 34 

$ .22 

$ 3 53 

Top Carnage Assembly 





1 Weld complete (5 lbs ) 

$ 64 

$ 1 28 

$ .45 

$ 4 29 

Bolt complete (32) 

.......... . — 



- 

2. Check in fixture 


16 


16 ” 

3 Stress relieve 





(300 lbs at $0 004 per lb ) . . . 

... 

, _ ...... . 

. ... . . 

1 20 

4. Check m fixture. 





.14 

5 Dress welds 





.. 

.60 

Totals. 

$ 64 

$ 144 


$ 6 39 

Machining Assembly 

00 

$14 94 

$ 38 

$14.94 

Body Tube Assembly 

$ 212 

$ 3 48 

$ 2.12 

$ 3.48 

Totals 

$129.83 

$122 53 


(This does not include overhead or any profit ) 


Elevating Arc— The elevating arc is mounted at the bottom of the 
breech and engages a gear arrangement attached to the top carriage which 
permits the gun to elevate through an arc of minus 5 -degrees to plus <10- 
degrees Photographic and line drawmg views of the riveted construction 
employed on the foreign models are presented in Figs. 33 and 35 and should 
be compared with that used in the welded design illustrated in Figs. 34 and 36, 
The physical properties and chemical analyses of the steel parts used in the 
welded construction are shown in Tables 7A and 7B 
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m. 29 . c®®. A ®>® *wwin«j Snaeatog th® general features of donstrucUon of the 
Kitaed lop contage. Fig. M. Wght). A Hue drawing Inacaflng the general features ol the 
construction of the welded top carriage. 
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Table 7A— Physical Properties of Parts Used in Elevating Gear 


Part Name 

Material 

Yield 
Strength 
Lbs. per 
Sq. In. 

Tensile 
Strength 
Lbs. per 
Sq. In. 

Elongation 
in 2 In. 
Percent. 

Reduction 
of Area 
Percent. 

.. 

WD 1035 

55,000 

70,000 

20 

40 

Gear Segment 

WD X4130 

75,000 

100,000 

20 

40 

Stop 

WD X4130 

75,000 

100,000 

20 

40 

Side Plates 

Low Alloy 

50,000 . 

95,000 

20 

40 

Spacers. 

High Str. Stl. 
WD 1020 

40,000 

60,000 

20 

40 

Shim 

WD 1020 

40,000 

60,000 

20 

40 


Table 7B— Chemical Analyses of Parts Used in Elevating Gear 


Material 

1 

c. 

Mn. 

P. Max. 

S. Mar. 

Cr. 

Other 

Elements 

xirn TA'i<v 

.30-.40 

25-35 

60- ^0 

.045 

.040 

.055 



WJU' JLUjD— 

um Y/lT^n 

.40-60 

.050 

.80-1.10 


Low Alloy, High i 






Si. .60-.90 

Strength Steel 

.10-20 

. 5 O-. 7 O 

.040 

.040 

. 50 - .65 

Zr. .10-.20 

WD 1020. 

.15--.25 

.30-60 

.045 

.055 




In order to eliminate cracking and to minimise distortion as a result of 
welding, all welds are staggered during deposition. This precaution has been 
necessary particularly in view of the use of heat treated WD X4130 steel for 
the gear itself. The gear sector is stress relieved at 1150<legrees Fahr, after 
welding and then it is machined. The same steel thickness was used in both 
the riveted and the welded sectors and this part offer's a direct comparison as 
to the weight advantage of welding where additional strength is not required. 
The riveted construction because of the presence of rivets weighs 42''pounds 
or more than the welded sector. Such a weight advantage would 

have been common to most of the weldments in comparison with the riveted 
construction, had the same steel thicknesses been maintained. Preliminary 
estimates had shown a welding cost of $2.11 each for the welded gear sector 
in comparison with a cost of $2.96 for the assembly of the riveted construe^ 
tion. This amount included cost of stress relieving the weldment, which cost 



Flf, 31 Bg. 32* C}oi®-«p vlaw* cmitrosting tfe© two dogigoi #»pIoy®<l to ictfjileaittf 
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Fig. 33 and Fig. 34. lUustraUons contrasting the riveted and welded designs used for 

the elevating arc sector. 

is EOt involved where riveting is used. The actual welding cost for the gear 
sector as of May 1, 1942, is |l.6l each, the lowered cost being due to more 
efEcient handling and more rapid welding than had been estimated as possible. 

The Front and Rear Axles— The axles of the foreign models had been 
forged by upsetting the ends of solid steel bars and then they were machined 
as indicated in Figs. 37 and 38, Such a method of fabrication is relatively 
very expensive, needlessly wasteful of material and a slow production method. 
The axles used on the redesigned carriage were fabricated employing WD 
1035 tubing, cold drawn and finish annealed to which were welded cast 
steel ^ heads. These steel castings are purchased in accordance with Federal 
Specification QQ-'S^dSl, Class 4, which requires a yield strength of 53,000^ 
pounds per square inch minimum, 8?,000<pounds per square inch tensile 
strength, 22-pcrcent elongation, and 35^percent reduction of area. The 
chemical analysis of the cast heads is as follows: 

Carbon .30 maximum 

Manganese LIO maximum 
Sulphur ,065 maximum 
Phosphorus .05 maximum 
Silicon .55 maximum 

Molybdenum ,40 - ,65 
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The weld joints are prepared by machining before welding The axles are 
positioned for welding and welding is accomplished using covered 

electrode, carbon^molybdenum steel rods. Estimates indicated that material 
and labor costs of an axle as made in the foreign manner would be ?110 as 
contrasted to an amount of $42 08 for the tube and welded constiuction. Inis 
item IS subcontracted and no actual cost data is available to compare \i^t 
the estimate, but the placmg of an additional contract at a price lower than 
the origmal indicates that this estimated cost is not being exceed^ Gl^e^up 
views of the forged and of the welded constructions are shown in Figs 39 and 

40. 

Other Parts — ^Many other small parts used on the gun carnage were 
redesigned for welded construction Two such parts are presented in Figs 
41 through 44 Fig 41 illustrates the construction employed in the manm 
facture of the foreign made stakes. These stakes are used to fasten the gun 
carriage securely in firing position A saving of $1 08 per stake has been 
realised on this small item The foot plates illustrated in Figs 43 and 44 are 
another example of the completeness of the redesign for welded construction 
The plates are attached to the four jack screws which are used to support 
and level the gun carriage while in finng position. A cost advantage of 
$.15 per plate in favor of the welded construction has been realisied 

Another small part redesigned to take full advantage of welding is the 




n^f. 35 and Fig. 36. Mm drawing# indicating ihm g®n®ml featnnw of cewitrwtoi far 
ihm riir®t®d and w®ld©d elevating gecor sector*. 




Part Name 


Chasais..,..,.,,... 
Top Carriage... 
Gear Sector,.,.. 

Front Axle 

Rear Axle,. 

Stake (4)....,..... 
Foot Plate (4).. 
Gun 


American 
Welded Model 


English 

Riveted Model 

Calculated 
Riveted Moc 

824 

U35 

264 

317 

42 

42 . 

97^ 

121 

84* 

108 

18 

22 

7.5 

10,0 

58.5 . ' 

62.0 
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Fig. 37 and Fig. 38, A view typical ox tho front and roar axleo xnado anroad. A solid 
bcpf wa» wpsot and forged at the ends and dien center bored. This is obviously a very 
expensive method of construedon* 


Table S — ^Weight Comparisons 


*Ai previously explained, tliese parts are not liveted but forged. 
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gun stay or support which holds the gun tube in a rigid position during travel. 
This gun stay is discernible in the illustrations of Figs. 3 and 5. Welding is 
also employed in the fabrication of the equilibrator tubes, the draw bar and 
the carriage platform. The English model also used welding in the fabrica" 
tion of these parts and no comparison will be drawn. 

Suiiiniafy' of Sub- Assembly ^Weights and Cost Savings In Table 8 is 
shown a summary of the weights for the important redesigned welded subj 
assemblies, the comparable weight for the English model and the calculated 
weight of a riveted design having the same metal thicknesses as are present 

in the welded carriage. , 

In view of the nature of many of the sub ^contracts, it is not possible to 
show in a definite way the money savings that have resulted from the em^ 
ployment of welded construction. From the information now at hand, the 
indicated saving is approximately $160 per gun carriage. This saving appears 
large until it is reali 2 ;ed that the cost of materials, and the cost of the close 


fig. 3i fxnd Fig, 40. views ol me end of fh# forgtd gnd of ii« tethote weMed 

aaclog.. , the poorlicolccf ■adremtmm of &o woldod comtecioo Ittclwlo anelt lowof mmi ««d 
steipEScatioo of coMtractloit the ehmge lacti# pmsiilo m lorgo IwsrOttio 

In codo pxodooiois# 
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machine work required on so many parts which are in no way influenced by 
the welded design, makes the actual saving rather small in terms of the total 
cost of the gun carriage. 

Closure — In times as momentous as these, cost in itself cannot be a 
deciding factor in the determination of a particular ordnance design. Speed 
of production and efflciency and reliability during field operation are of 
greater importance. Several design changes were incorporated in the 40 
millimeter gun carriage in order to facilitate production and to improve 
operation. In achieving these results, the most important change was the 
conversion from a riveted to a welded construction. 

Fundamentally, cost is the sum total of the number of man hours of 



CI#ft to right): Fig. 41# (ktt), conatructtim ©mptoye-d on the for#igii .mod® nioikm 

wxd th® w#M®d constmchon. {Fig. 42# rfght)# m to® Jlmerlcan Flg». 

43 and 44# Vi#w« illmtraing to® «x!©nt to which to® r®<i@»ign. for welded conetraetton. 
hm ccantod. Th® top view (Hg. 43) is of to© foreign mad© riveted foot plat© and to© 
hottwn Tl»w# (Fig, 44}# to# Jlinerlcan mad® wtldod foot plate# 
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labor required to produce a completed unit or number of units. A decrease 
in cost may be translated to mean an increase in production of units with a 
given amount of labor. The adoption of the welded design produced an ap" 
preciable saving in the final cost of the gun carriages and, therefore, more 
carriages are now being made within a given period of time. 

This mobile carriage is equally well adapted to defensive and to offensive 
operations. Who knows but that these additional units made available 
through the ingenuity of designers and engineers, unwilling to slavishly 
follow a pattern that had been considered good enough by others, will not 
some day prove to be the deciding factor in achieving victory. Our present 
huge armament program undoubtedly offers many other examples of Amerh 
can inventiveness directed to this same end. 

'Tor the want of a nail the shoe was lost, 

For the want of a shoe the horse was lost, 

For the want d' 

Poor Richard, Benjamin Franklin. 



Chapter XL — Improved Synthetic Cleaning Machines 


By Ernest Davis, 

Chief Engineer, The Prosperity Company, Inc,, Syracuse, T^ew Tor\ 

Subject Matter: By using arc welding procedures, major changes 
in design, factory cost, weight of machine, and efficiency of 
operation were possible in a dry cleaning device. An older 
model, made largely from cast iron, had a shipping weight of 
8,800'pounds. The new arc welded model weighed only 2,780' 
pounds. This reduction in weight, combined with less machining 
cost, allowed a much greater spread between factory cost and 
selling price. The new machine was also more efficient. About 
50% more garments could be cleaned per hour while the solvent 
cost was reduced at the same time from 2%4 per pound to 
per pound. Owing to compact construction in one unit, there 
is less vibration and the cost of installation is considerably less. 
The author estimates that the saving in solvent cost alone for 
the entire cleaning industry would be $10,000,000 per year, 
assuming that all machines in use in the industry could be 
replaced by a machine as efficient as the one herein described. 

Dry cleaning machines, using chlorinated hydrocarbons such as tri- 
chlorethylene and perchlorethylene as the cleaning fluid, are classified generally 
as open or closed types. The main difference in the two being that in the 
open machine the process of cleaning is carried on, fully open to the 
atmosphere immediately surrounding the machine; whereas, in the closed 
machine, the process of cleaning, which includes washing, centrifugal extract- 
ing, drying and recovery of the solvent, is accomplished within a closed and 
sealed compartment, and in an atmosphere entirely independent from that 
immediately surrounding the machine. 

The two machines treated in this paper are the fully enclosed type. The 
2-B machine consisted generally of the following units: 

A. A combination washer and centrifugal extractor described hereafter 
as the hydro-wheel consisted of a heavy shell or container for the cleaning 
fluid, and a horizontally disposed, revolving and perforated clothes con- 
tainer mounted within the shell. The clothes container, or cylinder, was 
arranged to be driven at approximately 34 revolutions per minute for 
tumbling the clothes, while washing, and during the subsequent drying 
operation. After the washing operation the cylinder was revolved at a speed 
of approximately 500 revolutions per minute for centrifugal extraction, and 
after extraction the cylinder was again operated at slow "speed during the 
drying operation. 

B* A separate drying and recove.ry unit was provided and connected to 
the hydro-wheel by pipes and flanges. The recovery unit consisted of a 
centrifugal fan, heater coils, condenser coils, and a heavy cast, iron container 
for these units. Also included in this recovery unit was a water separator, 
lint trap or air filter. 

C. A storage tank of approximately 50 gallons capacity, with .heavy cast 
iron supports for the storage tank and a gravity separator. 
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D. Distilktion apparatus consisting of still, steam heated, still condenser 
unit, piping, steam traps, etc. 

E. A record'type cycle control timer, trade name ‘Tormatrol” This 
unit completely and automatically controls the entire cycle of cleaning 

While the still unit as well as the storage tank on the old unit was ekctri' 
cally arc welded, the hydro-wheel was mostly constructed of cast iron There 
was provided, for this hydro- wheel, a very heavy cast iron base This very 
heavy base was deemed necessary because the hydro-wheel was to serve 
both as a washer and a centrifugal extractor The inclosure for the recovery 
unit was made entirely of cast non, and consisted of one mam casting and 
two end castings. The three castings weighing approximately 600-pounds 
As a point of interest in connection with this paper, it will be shown finther 
on, how less than 100-pounds of material m the new machine, and much less 
labor served to replace this 600-pounds of cast iron in the recovery unit. 

For purposes of comparison, this paper will deal mostly with those units 
or combination of assemblies in which fabricated and arc welded construc- 
tion replace cast iron or other methods of construction 

The following description, drawings, cuts, etc , will serve to bring 
out as clearly as possible how, by combining several units into one assembly of 
arc welded, fabricated plate steel construction, the following results were 
obtained. 

L Provide a greater spread between factory cost and selling price. 

2 More salable because of better appearance, greater compaaness, greater 
capacity 

3. Much higher efficiency in operation, particularly m regard to solvent 
cost. 

4. Less health hasiard because of reduction m the number of separate units 
^ comprising the complete unit, and therefore reduction of the number 

of gasketed joints, and possibility for leakage. Also sludge-drying 
apparatus. 

5. Less pattern cost and overhead 

6. Less Vibration, smoother operation 

7. Much less shipping weight and floor weight 

8. More reliable operation, more ngid constructum because of lesser 
number of separate units, and because of welded construction, elimi- 
nating numerous bolts and holding devices 

9. Less cost of installation 

This paper shall point out, and give reasons for these nine points of im- 
provement. Of course it will be understood that some of the improvements 
are not due entirely to the method of fabrication, but rather to improvement 
in design; nevertheless, it may be clearly shown that welded steel construc- 
tion played a very important part in the total results. 

As stated in preceding pages, the old machine consisted of five principal 
units, A, B, G, D, and E. Now, the new machine consists generally of an 
equal number of necessary units. For example, washer, extractor, air filter, 
condenser, and heaters, a Blower for the recovering of solvent, a storage 
tank for solvent, and of course, a Formatrof, as well as many control valves, 
dampers, traps etc. But the basis for this paper and the principal proof 
for the nine points of superiority He mostly in the fact that in tlie new 
6-A m.uliiiio all of the five pnncipal units compriMng the machine arc 
incorp-unfed in one single steel fabricated arc welded cabinet. This nne 
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fact accounts for a differential in weight between the did and new machine 
assembly of units of some 2600''pounds of material 
Weights are as follows* 



Pounds 

Old Machine Weights: 


(weighs alone almost double total 

Hydro-Wheel 

3310 

(of new cleaner elements 

Heater 6? Fume Condenser 

600 

(Note. This recovery unit alone 
(weighs nearly as much as the 
(entire welded steel cleaner cabi- 
(net for the new machine 

Blower 

100 

Air Filter 

40 


Four-Way Valve 

no 


Storage Tank with C I Supports., 

230 



4390 

(This weight is not total, includes 
(only assemblies listed. 

New machine with all the elements 

(This includes only assemblies 

above, weighs 

1790 

(replacing old assemblies. 

Difference or saving 

2600 

Cast Iron @ 

Total— $117 00 


Now, let us examine why this is so: 

In the first place, the d-A dry cleaner cabinet, fabricated of plate steel, 
arc welded into one single piece, and hot dip galvani 2 ;ed, after fabrication, 
weighs only 650''pounds, and this single unit incorporates the following: 

1. Washing Chamber 

2 Filter Chamber 

3 Storage Tank 

4* Condenser Chamber 

5 And all of the air ducts for controlling the flow of air to the machine 
during the drying and recovery operation See photographs, Figs 
1 and 2 

In this cabinet design, the washer chamber consists of a single piece 
of plate steel, y$nnch thick, with one horisjontal welded seam and two 
circular welded scams at the two ends, plus an end plate bolted in place 
for removal of the cylinder. But, more than that, this washer container also 
forms the top of the storage tank, the bottom of the filter chamber, the front 
of the condenser chamber, and at the same time serves as a very rigid stress 
member to tie the cabinet ends together. 

The back sheet, Drawing Fig 3, a single plate of steel forms 

the back of the condenser chamber, the back of the storage tank, and pro- 
vides for openings, door reinforcements, etc., while serving also as a stress 
member. 

Referring to detail sheet. Fig. 4, the front and bottom sheet material, 
J4dnch, forms the bottom of the storage tank; also the front of the storage 
tank, and serves as a front apron for the washer compartment. This sheet 
is bent to form a drain for the storage tank Naturally, this sheet also serves 
as a stress member to tie the end plates together. 

Next wc have the detail, Fig. 5, ‘'Frame Top Sheet’’, forming the top 
of the machine, the top of the air filter chamber, the front of the air filter 
chamber and also support for blower fan and motor assembly The holes 
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Fig. L Oeft). Arc welded cleaner cabinet. Fig. 2. (right). Another view of the cleaner 

cabinet 


for the fan inlet and outlet also openings for air filter door are cut by torch 
in this sheet. This sheet as well serves to tie the cabinet ends together. 

These plates for the two ends of the cabinet, serve not only as end plates 
for the cabinet but support the washer shell while forming the two ends of 
the chamber within the cabinet. 

The steel castings forming the bearing housing and air intakes to the 
cylinder are welded into the end plates of the cabinet. 

Not only the cabinet serves all the purposes previously described, but the 
chambers described also serve in most cases as air ducts during the drying 
and recovery operation. Because these chambers form very generous si::cd 
air ducts, the air horsepower required for drying and recovery is held at a 
minimum. Also, because the heated air circulates always within a single 
cabinet, and because there is much less radiation loss, drying and recovery 
of solvent is carried on much more efficiently in the new 6^ A machine. 

As stated previously, the old hydro^wheel was provided with a very 
heavy cast iron base and the wheel in itself was very heavy. Also, the 
recovery unit which was attached to the wheel was of very heavy cast iron 
construction. The theory back of combining this weight was to serve as a 
stabilisjing mass for the hydro'-wheel during the period of high speed cxirac' 
tion. A very important point in connection with the new 6^A machine is 
that the storage compartment which holds approximately 6? -gallons of 
solvent weighing ^ B77-pounds is 

located at the bottom of the cabinet, and of course is integral This seems 
to have a more stabiliring influence than all the combined masses of cast 
iron used in the old 2-B machine. 

From the foregoing, one must gain the impression that the combination 
of all elements of the cleaning machine inclosed and supported by one single 
arc welded steel fabricated ’ unit must result in a very large advance in 
construction of not only this particular cleaning machine, hut advanccji the 
idea of improvements and economies to be gained by arc welding construction* 
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particularly where several such similar units may be combined, and where 
such combinations would not be practical by any other method of construction. 

The Nine Points of Superiority 

1, Greater Spread Between Factory Costs and Selling Price — ^Because 
of the company policy, we can only give the cost differences not too much 
in detail; however, it is believed that a study of the explanations, etc , con" 
tamed herein, should indicate a considerable reduction in costs m favor of 
the new unit of construction It is believed that the greater spread between 
factory cost and selling price is completely justified as far as the purchaser 
IS concerned because of the improvements hereafter set forth The pur" 
chaser of the new unit is buying less cast iron and more engineering. 

2, More Salable — ^The purchaser generally has become more conscious 
of the pleasing appearance of dry cleaning machinery It is believed that 
a comparison of the photographs, and cuts of the old and new machine 
will justify contention that the new machine is more salable from the stand" 
point of appearance. It is more orderly m arrangement, and more compact, 
occupying somewhat less floor space with the same accessory equipment, 
such as filters, still, etc Also, even though the space for clothes to be 
processed is about the same m the two machines, the time for a complete 
cycle of cleaning in the new machine, assuming the same quality of cleaning 
IS about 50 percent less, or in other words for the same quality, the new 
machine has about 50 percent more capacity per hour. This, however, is 
partly due to the fact that the new machine is provided with a filter, and 
the old machine was not provided with a filter, and it is also partly due to 
the more efficient cylinder construction in the new machine, also due to the 
much higher rate of drying obtained, and recovery of solvent fumes This 
increased capacity naturally makes the machine more salable 

3, Much Higher Efficiency, Particularly in Relation to Solvent Cost — 
While some of the improvements in the 6"A machine which effected 
greater economy m the use of solvent are not due to the method of fabnea" 
tion, It is a point of considerable interest that we find a difference m solvent 
cost of 4"! between the old and new machines. We have included in this 
paper some testimonials from customers having the new machine and 
because of the high solvent cost of the old machine, it was not practical to 
obtain any testimonials regarding solvent costs with the old machine. The 
reasons for the difference in solvent costs arc as follows: 

The particular arrangement of the still condenser in the old machine 
provided for passage of air through the condenser dunng the deodorizing 
operation at a time when this condenser was wet with solvent. This caused 
a large amount of solvent to be passed to the atmosphere and lost. In the 
new machine, the arrangement of the condenser is such that it is by^passed 
during the deodorizing operation, and any solvent remaining on the coils 
is not lost during this period of operation Again, in the old machine, the 
heater coils, and the condenser coils which were cooled by cold water, were 
mounted withm the same box and adjacent to each other so that the heat 
thrown off by the heater coil had a tendency to be absorbed by the very 
heavy cast iron box surrounding the condenser and heater cods, and a great 
deal of this heat was transmitted to the condenser cod by radiation and 
convection- In the new machine, the heater coils are mounted in a small 
box just outside of the condenser chamber, and the. flow of air is such that 
very little waste heat is absorbed by the condenser cods. Since, m the new 
machines, the entire cabinet, and practically the entire circuit for the passage 
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of air IS within the cabinet, there is a minimum of loss through gaskets and 
other possible points of leakage For the same reason, there is much less 
loss of heat during this cycle because of the cabinet construction That is, 
the air is not passed from one unit through a small opening, out into another 
entire separate unit Furthermore, since the hydro^wheel and the condenser 
unit in the old machine represented a mass of approximately 4300''pounds, 
as against a little over 1800'pounds for the cabinet assembly of the new 
machine, there is less loss of absorbed heat, 

4, Less Health Hazard — Since, in the new machine, we have a single 
cabinet, constructed in one piece, we have reduced a number of gaskets 
and possible points of leakage of hot solvent vapors, and because of the 
more efficient drying and deodori 2 ;ing, and because the new machine is pro- 
vided with drying apparatus for drying the sludge from the filter before it 
IS cleaned, there is much less hasjard in this latter operation. 

5, Less Pattern Cost and Overhead — ^The 2-B machine had a large pattern 
cost of around $12,000, whereas the pattern cost on the 6-A machine 
originally was about $1,000 Naturally, the upkeep of all the patterns 
involved in the 2-B machine is considerable, and certainly did not encourage 
changes in construction even though the changes might be quite advisable 
When we were ready to build the 6-A machine, only a few patterns for 
cast iron and steel castings were required and these were very small, both 
in weight and si 2 ;e Had we decided later to make the machine a little larger 
in some dimensions, it was only a matter of changing the drawings and 
whatever cutting patterns for the cutting torch which had been pieviously 
made 

6, Less Vibration, Smoother Operation — Naturally, when we bind all 
the separate elements of the machine into a single arc welded unit, so to 
speak, everything else being equal, we are bound to tie moie masss onto 
the disturbing force which causes the vibration, and this has a tendency 
to reduce vibration. 

7, Less Shipjping Weight and Floor Weight — ^The total shipping weight 
of the 2-B machine was approximately 8800-pounds, and the floor weight 
approximately 7800-pouncls The net weight of the complete 6- A unit, with- 
out soap attachments, is given as 2780-pounds, Fig 6 Naturally, this results 
in a reduction in the cost of shipping It is a little hard to estimate this 
since the rates vary considerably, depending upon the distance of shipment, 
and the type of car loading, etc., but since the new machine occupies less 
space and at the same time very much less weight, it goes without s,»ymg 
that the shipping cost would be almost proportioiiiitcly less. Another very 
great factor in connection with this question of weight comes up where the 
machine is to be located, perhaps in an old building, and it is not always 
feasible to provide reinforced concrete constniction, and it is not very 
pi'actical to mount a machine which operates as a centrifugal extractor on 
lightly reinforced floor construction. Regardless of whether it is a 
machine or a 6-A, there are limitations as to where the machine may 
located, but we find that the problem is much less critical with the 6-A 
machines because of the much reduced weight. 

8, Moie Reliable Operation — Naturally, since a 2-B machine consists 
of many parts bolted together, it is not likely to be as reliable in operation 
as a machine which more nearly approaches a complete welded steel unit. 
In the old machine, the hydro-wheel was made up of two end castings, 
bolted in place on the washer shell, and this wheel was again bolted in 
place on the heavy cast iron base Also, the entire diivc mechanism was 
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supported by large castings bolted together, and in turn bolted to the head 
of the hydro^wheel In the new machine, practically everything on the 
machine is welded including the motor support bracket, and there is no 
separate base, no separate storage tank, no separate condenser unit, and we 
know by experience that there is much less difficulty with parts becoming 
loose and causing failure of operation 

9, Less Cost of Installation— Ip the case of the old 2B, the hydro^wheel 
was shipped out separately, the condenser box because of its weight was 
shipped separately, the storage tank was a separate unit, and all the piping 
for air, water, steam, etc was shipped out in separate assemblies Therefore, 
It took a service man much longer to install the 2''B machine because of all 
the assembly work to be done on the job While there are cases where we 
cannot ship the 6^A out complete as a unit, this generally can be done, and 
in any case, since practically all o£ the various assemblies are contained 
in the one cabinet, piping, air ducts, electric wiring, etc , are all completed 
in the factory where it is much more convenient to do this work, and where 
the time required will be much less Also, because of vibration in the 
machine, it is much better to have all the inter-connecting units assembled 
in one rigid unit rather than to have them mounted separately so that vibra- 
tion takes place between the separate units Of course, the still and h^^r 
in any of the units are always separate In the general construction assembly 
of a 6'A machine, a number of small detail assemblies arc mounted on the 
end plates of the cabinet In most cases where we desire to bolt a flange 
onto the end plate, we do not find it necessary to machine a surface Even 
after galvanising, we find it only necessary to provide a reasonably thick 
gasket between the flange of the part to be bolted to the machine and the 
end plate of the machine. In the old 2'B machine it was necessary to do a 
great deal of machining on the heavy cast iron end plates, and this, naturally. 


increased the cost. 

Summary of Advantages to Purchasers of New 6-A Machine 

The selling price of the 2'B machine, less filter, is approximately. $5, 000. 

The selling price of the 6'A machine, including filter and all acces' 

sories, is approximately - $5,000 

The cost of the filter ior the 2B machine is approximately $_ 700 


The hourly capacity, or per load capacity, of the new 6'A machine is 
approximately 50 percent greater than the capacity of the 2'B machine 

The company manufactured other larger machines of the same type as 
the 2'B, but the 6'A more nearly fills the same capaaty requirements 


Saving in Solvent Cost — Big Item 

The capaaty of 2'B machine, per hour, pounds of garments 35'pounds 

The capaaty of 6'A machine, per hour, pounds of garments. 52'pounds 

Average solvent cost per pound — 2'B i/t 

Average solvent cost per pound— -6'A 72? 

Assuming 50 lbs per hour cleaned in 66'A, solvent saving 

per load = 

16 loads per day — saving — 8 80 

300 days per year. - - - -• -- . ; 

Of course, many machines operate 12' and 14'hours per day, which would 


increase the above figures. , . , , 

The 6'A machine has only been on the market n short time, and the 
shortage of chlorine has stopped the sale of solvent and all synthetic machines 
for the duration. 
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Our sales department has figures which indicate that there are approxi- 
mately 5000 synthetic cleaning machmes of all types, both open and closed, 
in operation. The solvent cost on the open type machines, which comprise 
more than half of the above figure is from 2 V 2 '' to 4^ per pound of garments 
cleaned If these machmes were replaced with machmes as efficient in the 
use of solvent as the new 6^A machine, the saving to the cleaning industry 
of solvent alone would be somewhere in, the neighborhood of $10,000,000 


per year. 

The company alone has in operation 400 cleaning machmes of all models 
other than the 6' A. machine When and if these machines are replaced 
by machines as efficient as the the saving to the industry would amount 
to something like $400,000 per year. 

The above figures seem large, but thorough investigation would prove the 
above figures reasonably correct. 

Final Surnmary of Cost Comparison — ^The most noticeable cost compan" 
son would be between the 2^B hydro^wheel, and only those assemblies of the 
6^ A unit, which would correspond to the hydros wheel. 

Because it will be noted that the 2^B hydrO'^wheel was mostly cast iron, 
very heavy, and the machining on these castings was quite considerable 
the 6''A corresponding assembly included very economically constructed 

steel cleaner cabinet which cost only- - — - 167.S9 

Item I Estimated cost difference between 2-B hydro^wheel and o^A 

corresponding assembly :• $685.00 

Note: Above can only be estimated roughly because the hydros 
wheel of 2S machine does not include the recovery unit 
box, whereas in the d-A unit it is integral with cabinet, 
and the same is true of the storage tank, and the air filter 
housing. Because these units are all included m the one it 
IS difficult to pull out any one of the items from the total 


Item 2. Recovery box for complete 2'’B unit of cast iron weighs 

approximately dOO'^pounds 

Cost less coils - $ 78.62 

Note that the entire welded d-'A dry cleaner cabinet. 

Includes, washer and extractor shell, air filter housing, 
storage tank 65''galIons, recovery condenser 


space, air ducts. 
Total weight 
Total cost 


,650"pound« 
$167.89 


We therefore estimate recovery condenser space on 6- A constitutes 
less than 100 pounds of material, and cost would not be more 
than $15 extra for that portion of cabinet which encloses con** 

denser. Approximate saving $ 63.62 

Item 3 Painting cost on 6-'A considerably less. Heavy castings on 
2-3 require filling and rubbmg. 6'A is sprayed and baked only. 

Estimated saving 4 25.00 

Item 4 Other savings m constructing the entire unit arc involved, 
but are not nccessanly due to welding, but figure in the total 
difference in cost between the two machines. These savings 
cover more economical construction of dump valves, air control 
cylinders, air dampers, air filter units, and general assembly costs 
between the units. Tins ittm, it would appear from the total 
difference m cost would be approximately.... . ........... 42! 1.47 
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Summary of Cost Comparison — Continued 

Item 5, The total manufacturing difFerence, therefore, between the 
2-B assemblies, less still and filter, and the 6-A assemblies, less 

still and filter ^ $985.09 

Item 6. Total shipping weight of 2''B machine, approx 88004bs. 

Total shipping weight of 6" A machine 

(less steel base) approx SSSOribs. 


Saving 5420''lbs. 

Note: Average cost of shipping taken as rate from Syracuse to 

Chicago, LCL, $L24 per hd. Average saving $ 67.20 

Item 7. Therefore, the sales spread on fi-A machine exceeds that of 

the 2^B machine by a grand total of. $1052.29 

It is believed this paper has shown that there probably is no other 
method of building a machine such as the 6' A cleaning unit, except by the 
use of fabricated and arc welded steel, and at the same time provide the same 
savings in material and labor, and a product of equal improvement over 
prior design and construction. 
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Tilting table for armor plate pro- 
duction . . .933 

Tools, machine, arc welded motor 
drives for . - .960 

Tower, vacuum fractionating, high- 
temperatu re . 1 0 S9 

Tractor bullgrader, redesign of mam 
frame for . 1080 

Trailer, de luxe house . . 102 

frame, 15 -ton, low-bed . . 93 

Transmission case, tractor, and frame 
assembly . . 1022 

Transmitting-receivmg-switching unit, 
parts for a . . 8 BO 

Truck, fire, streamlined . .... 54 

small, for loading freight cars . . 45 

Trusses for swing bridge .... 414 

Trustees and officers of foundation. . xxa 
Tube booms, tapered, welded design 

of, for cargo ships ..847 

Tubular aircraft jigs, arc welded 919 

furniture, plated, arc welding 

of 507 

fuselage, arc welded 178 

Turbine installations, large water. . . 783 
Two-hundred-fifty-ton flat cais, welded 
design of . . . . ... 228 


U 


Underframes for all-wclded railroad 

passenger cars ... « 252 

Unit, rcceiving-switching-transmitting, 
parts foi a . . 880 

Universal joint drive shafts 24 

V 

Vacuum, high-tempcraturc, fractionat- 
ing tower ... . . ... 1089 

Ventilation, downdraft, for welding 
shop . , ............. 900 

W 

Water turbine installations, large. . . . 783 

wheel, center casing 71S 

Waxing machine, arc welding applied 

to J0I5 

Welded airplane hangar. .......... 343 

Welded blast furnace .... 1 1 !2 

caissons for naval dry docks. , 454 
construction of ^TirelcM’’' loco- 

modve 201 

construefions, efficiently ngid. 350 
conversion of tcmlcrt into tank 
«r» ................. . 247 

design of ta|«rcd tube twonii 
for cargo ships ..... 847 
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design o£ 250 -ton flat car 228 

diesel electric freight locomo- 
tive 181 

display holder for printed mat- 
ter 543 

grade separation structure 376 

housings for telegraphic 
printers 531 

lining of hoiizontal processing 
tanks 1225 

motor drives for machine tools 960 
power penstocks 6^7 

revolving cranes 815 

sculpture -190 

ship construction, hidden ad- 
vantages of 289 

small boats 324 

steel bents for subways 470 

steel boat design . 333 

steel m paper-making machin- 
ery 979 

suspension for air conditioning 
system 262 

tubular an craft jigs 919 

tubular fuselage. 178 

imdcrfiames for railioad pas- 
senger cars . . 252 

water wheel center casing. 718 

welded bicycle racks 1183 

Weldery, plant, operating a , 652 

Welding a locomotive boiler , 214 


Welding aircraft engine mounts eco- 
nomically - 111 

Welding airplane boilers. . 148 

Welding airplane parts . . 159 

Welding and modern steel houses . 449 

Welding applied to waxing machine 1015 
Weldrng bottle-washer . 1196 

Welding Foundation, James F Lin- 
coln Arc, The . xxi 

Welding m automatic can-testing ma- 
chine . ... 1203 

Welding m bus construction 27 

Welding m garage or service station 601 
Welding m press machinery 1232 

Welding m production of clad steels 1131 
Welding in the manufacture of 
moweis . * 1145 

Welding jaw crusher bases . . . 1003 

Welding magnesium aircraft struc- 
tures . . . . 132 

Welding of armor plate for tank pro- 
duction . .... 36 

Welding of finished-machmcd casting 805 
Welding of machine parts . 913 

Welding of plated tubular furniture 507 
Welding shop, downdraft ventilation 
for . . . 900 

Wheel mounting for racing automo- 
bile . . . 62 

Why the foundation was created xxii 
Writing machine for checks . . 896 

Wrought iron furniture manufacturing 518 
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